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> Water is a valuable natural resource and the basis of existence of 
all forms in our biosphere. Water covers about three fourth of the 
earth's surface of only 2.53%-is ,thfe-freshwater (Anon, 2003). 
However, merely 0.5% of world freshwater resources are accessible 
• , . ' " •• > • - ( ' 
for human use as two^. third is locked away jn. the glaciers and the 
'i '*^' 
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continental ice while the fd4;ainder.exj,^s^as soil moisture. Present 
work represents the preliminary limnological investigation and 
periphyton diversity on natural and artificial substrata in three 
selected lentic waterbodies of Aligarh, namely Medical pond (pond 
I), Lai Diggi pond (pond II) and Zoology pond (pond III). First two 
waterbodies are used as drainage basins into which the surface 
runoff water and sewage from the surrounding catchments area 
enter. The third pond i.e. Zoology pond (111) receives taps water and 
is used only for culture practices. 
> Water temperature varied in accordance with air temperature. In 
all the ponds, air temperature ranged from 12<'C (pond III) to 37oC 
(pond II), whereas water temperature ranged from 13.0°C (pond III) 
to 39.0°C (pond II) in ponds during the study period. 
> Transparency values ranged from 13.0 cm (August, 2007) to 24.5 
cm (February, 2008) in these ponds. The low transparency found 
during summer months and rainy season was due to entry of huge 
amount of suspended and colloidal matter, silt and clay into the 
v/ater body along with the rainwater from the surrounding fields 
and evaporation of water, which causes concentration of dissolved 
solids at increasing temperature and production of plankton. 
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> The values of Electrical conductivity varied from minimum 855 
|iScm-i (pond III) to maximum 2698 pScmi (pond I) in all the three 
ponds. Conductivity values were higher during the study period 
might be due the fact that various dissolved substance are 
continuously released into the aquatic medium through death and 
decomposition of organisms. Lower values might be attributed to 
the consumption of TDS by the phytoplankton and aquatic 
organisms. 
> Values of Total dissolved solids ranged from 145 mg/L (June, 
2007) to 618 mg/L (May, 2007) in the water samples of these 
ponds. Higher values during summer months might be due to 
increased decomposition rate and release of nutrients from the 
sediments and increased concentration due to higher temperature. 
> pH varied from 7.8 (September, 2007 in pond II) to 9.6 (September, 
2007 in pond I). The wide range of pH is the result of disturbance 
caused by washermen's activity, wind action and cattle in these 
ponds during the study period. 
> Dissolved oxygen varied from 1.6 mg/L (June, 2007) to 20.0 mg/L 
(March, 2008) in the samples collected from these three ponds 
during the study periods. Fluctuations in dissolved oxygen content 
have been found to be affected by many factors like solubility of 
oxygen in water, intensity of light, photosynthesis etc. 
> Carbon dioxide was found to be absent during the whole period of 
investigations. It might be because of the release of free carbon 
dioxide from the water column due to increase in pH and 
temperature, utilization during photosynthesis and due to 
conversion of free carbon dioxide into bicarbonates by reacting with 
carbonates. 
> Hardness varied from 80 mg/L (September, 2007) to 423 mg/L 
(April, 2008) in the water samples of these ponds during the study 
period. Higher values during summer and lower during monsoon 
might be attributed to the evaporation of water at high temperature 
cind dilution of water by rain respectively. 
> Among Ions, two main ions calcium and magnesium were detected 
in these three ponds. Calcium varied from 12.8 mg/L (September, 
2007) to 140.0 mg/L (April, 2008) in these ponds. Values of 
calcium were found higher in summer months, lower in monsoon 
months and moderate during winter months. Increased levels of 
calcium during the summer season in these ponds might be due to 
evaporation of water and decomposition of dead aquatic plants and 
animals. 
> Values of Magnesium ranged from 4.09 mg/L (November, 2007) to 
42.90 mg/L (February, 2008). Lower values during the monsoon 
and post -monsoon months might be due to higher sedimentation 
rate leading to settlement in the bottom and utilization by 
plankton. 
> Values of total Alkalinity varied from 102 mg/L (July, 2007) to 
775 mg/L (December, 2007) in these three ponds during the 
investigation period. The fluctuations in total alkalinity were 
mainly due to photosynthetic activity of the phytoplankton and 
other green aquatic plants inhabiting these ponds. Values of 
Carbonate alkalinity varied from 12 mg/L (February, 2008 in 
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pond III) to 230 mg/L (F^ebruaiy, 2008 in pond 11). Bicarbonate 
alkalinity varied from 32.0 mg/L (Februaiy, 2008) to 775 mg/L 
(December, 2007). The increased or decreased bicarbonate 
contents may be due to photosynthetic and respiratory activity of 
algae and green plants respectively. 
> Values of PO4-P ranged from 0.238 mg/L (January, 2008) to 1.245 
mg/L (March, 2008) in the water samples of these ponds during 
the study period. Higher values of phosphorus monsoon and post 
monsoon months or winter months might be due to regeneration 
of phosphorus in these ponds, whereas higher values during 
summer months were found to be related with higher rate of 
evaporation due to increased temperature which affects water 
level and leads to concentration. 
> Values of NO3-N ranged from 0.075 mg/L (February, 2008) to 
0.188 mg/L (March, 2008). Higher values of NO3-N during summer 
and autumn might be attributed to increase rate of decomposition 
of organic matter at high temperature. 
> Periphyton are generally dominated by photosynthetic organisms 
which may be unicellular, colonial or filamentous species from a 
variety of pro and eukatyotic phyla and it also include a complex 
community of microbiota (bacteria, fungi, animals, and inorganic 
and organic detritus). Periphyton includes plantperiphyton and 
zooperiphyton. 
> Water temperature with plantperiphyton, on wood surface showed 
strong negative correlation in pond I and pond II, whereas in pond 
III, it showed positive correlation (pond I: r = -0.798, pond II: 
r = -0.593, pond III: r = 0.070). With zooperiphyton it showed 
significant positive correlation in pond I and negative correlation in 
pond II and III (pond I: r = 0.590, pond II: r = -0.538, pond III: 
r=-0.102). 
> Water temperature with plantperiphyton on stone surface, showed 
significant negative correlation in pond I and pond II and negative 
correlation in pond III (pond I: r = -0.695, pond II: r = -0.731, pond 
III: r = -0.183), whereas with zooperiphyton it showed positive 
correlation in pond I and negative in pond II and pond III (pond I: 
r = 0.334, pond II: r = -0.493, pond III: r - -0.071). 
> On glass slide surface, water temperature with total 
plantperiphyton population, showed strong negative correlation in 
pond I and pond II, and negative correlation in pond III (pond I: 
r = -0.687, pond II: r = -0.670, pond III: r = 0.240), whereas with 
zooperiphyton, it showed significant positive correlation in pond I 
and negative correlation in pond II and pond III (pond I: r = 0.634, 
pond II: r = -0.481, pond III: r = -0.204). 
> Dissolve oxygen with total plantperiphyton on natural substrata 
showed positive correlation in pond 1 and pond 111, and negative 
correlation in pond II (pond I: r = 0.531, pond 11: r == -0.183, pond 
III: r = 0.461), whereas with zooperiphyton, it showed significant 
negative correlation in pond I, negative correlation in pond III and 
in pond II, it showed positive correlation (pond I: r = -0.605, pond 
II: r = 0.198, pond III: -0.215). 
> Dissolved oxygen with total plantperiphyton wood surface, showed 
significant positive correlation in pond I and positive in pond III, 
whereas in pond II, it showed negative correlation (pond I: 
r = 0.793, pond II: r = -0.191, pond III: r = 0.264). With 
zooperipkyton, showed negative correlation in pond I and pond II 
and positive correlation in pond III (pond I: r = -0.554, pond II: 
r = -0.006, pond III: r = 0.319). 
> Dissolved oxygen, with plantperiphyton population on stone surface 
showed positive correlation in pond I and pond III and negative 
correlation in pond II (pond I: r = 0.733, pond 11: r = -0.059, pond 
III: r = 0.426). With zooperipkyton showed negative correlation in 
pond I and pond II and positive correlation in pond III (pond I; 
r = -0.362, pond II: r = -0.155, pond III: r = 0.263). 
> On glass slide surface, dissolved oxygen with plantperiphyton 
showed significant positive correlation in pond I and positive 
correlation in pond III (pond I: r = 0.701, pond III: r = 0.162), 
whereas in pond II it was negative (pond II: r = -0.152). With 
zooperipkyton, showed negative correlation in pond I and pond II 
and positive correlation in pond III (pond I: r = -0.505, pond II; 
r = -0.185, pond III: r = 0.354). 
> P04-P with total periphyton population on natural substrata 
showed negative correlation in pond II and pond III (pond II: 
r = -0.580, pond III: r = -0.029), whereas in pond I, showed positive 
correlation (r = 0.298). PO4-P with total periphyton population on 
all three artificial substrata showed negative correlation in pond I, 
whereas in pond II and pond III, it showed positive correlation 
(pond I, wood surface: r = -0.145, stone: r = -0.006, glass: 
r = -0.375, pond II: wood: r = 0.140, stone: r = 0.147, glass: 
r = 0.322 and pond III : wood r = 0.134, stone : r = 0.222, glass : 
r = 0.487). 
> NO3-N with plantperiphyton on natural substrata, showed negative 
correlation in pond I and positive correlation in pond II and pond 
111 (pond I: r= -0.371, pond II: r = 0.507, pond II: r = 0.198). With 
zooperiphyton, showed significant positive correlation in pond 11 
and positive correlation in pond III (pond II: r = 0.631, pond III: 
r = 0.452, whereas in pond I, showed negative correlation (pond I: 
r = -0.033). 
> On wood surface, NO3-N with plantperiphyton showed negative 
correlation in pond II and pond III (pond II: r = -0.170, pond III: 
r = -0.149) and positive correlation in pond I (pond I: r = 0.003). 
With zooperiphyton, showed negative correlation in pond 1 and 
pond II and positive correlation in pond III (Pond I: r == -0.502, pond 
II: r = -0.042, pond III: r = 0.184). 
> On stone surface, NO3-N with plantperiphyton showed positive 
correlation in pond I and negative in pond II and pond III (Pond I: 
r = 0.109, pond II: r = -0.243, pond III: r = -0.135). With 
zooperiphyton, showed negative correlation in pond I and pond II 
and positive correlation in pond III (pond I: r = -0.472, pond II: 
r = -0.064, pond III: r = 0.270). 
> NO3-N with plantperiphyton on glass slide surface showed negative 
correlation in all the three ponds (Pond I: r = -0.367, pond II: 
r = -0.393, pond III: r = -0.044), whereas with zooperiphyton, it 
showed negative correlation in pond I and pond II and positive 
correlation in pond III (Pond I: r = -0.445, pond II: r = -0.130, pond 
III : r = 0.336). 
> PO4-P with plantperiphyton on natural substrata showed positive 
correlation in pond I and pond III, whereas in pond II, showed 
negative correlation (pond I: r = 0.201, pond II: r = -0.530, pond III: 
r = 0.026). With zooperiphyton, showed positive correlation in pond 
I and negative correlation in pond II and III (pond I: r = 0.363, pond 
II: r = -0.534, pond III: r = -0.105). 
> PO4-P with plantperiphyton on wood surface showed positive 
correlation in pond II and pond III, whereas in pond I showed 
negative correlation (pond I: r = -0.306, pond II: r= 0.171, pond III: 
r == 0.151), with zooperiphyton, showed positive correlation in pond 
I and pond III and negative correlation in pond 11 (pond I: r= 0.415, 
pond II: r = -0.008, pond III: r = 0.059). 
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> On stone surface, PO4-P with plantperiphyton showed negative 
correlation in pond I and positive correlation in pond II and pond 
III (Pond I: r = -0.385, pond II: r = 0.173, pond III: r = 0.241). PO4-P 
with zooperiphyton showed positive correlation in pond I and pond 
III and negative correlation in pond II (pond I: r = 0.503, pond II: 
r =-0.012, pond III: r= 0.142). 
> PO4-P with plantperiphyton on glass slide surface showed positive 
correlation in pond II and pond III, whereas in pond I, showed 
negative correlation (pond I: r = -0.386, pond II: r = 0.364, pond III: 
r = 0.556). With zooperiphyton showed positive correlation in all the 
three ponds (pond I: r = 0.158, pond II: r = 0.104, pond III: 
r= 0.043). 
> Bacillariophyceae (Diatoms) formed the first abundant group 
among different plantperiphyton groups in all the three ponds. In 
the present study, this group was represented by the genera, 
namely Achnanthes, Amphora, Asterionella, Cocconeis, Cyclotella, 
Cymbella, Gyrosigma, Diatoma, Eunotia, Frustulia, Fragilaria, 
Gomphonema, Melosira, Navicula, Nitzschia, Pinnularia, Stauroneis, 
Synedra and Tabellaria both on natural and artificial substrata in 
all the three ponds. Total diatom population is ranged from 193 
.No./cm2 (April, 2008) to 654 No./cm2 (December, 2007) in pond I 
on natural substrata. In pond II, it ranged from 260 (April, 2008) to 
654 No./cm2 (December, 2007) on natural substrata whereas in 
pond III on natural substrata it ranged from minimum 115 (July, 
2007) to 238 No./cm2 (December, 2007). On wood surface, the 
density of diatom, in pond I ranged from 96 No./cm^ (April, 2008) 
to 239 No./cm2 (January, 2008). On stone, it ranged from 41 (May, 
2007) to 126 No./cm2 (Nov. 2007) and on glass slide surface it 
ranged from 26 No./cm2 (March, 2008) to 90 No./cm2 (December, 
2008). In pond II, on wood surface, the number of diatom ranged 
from 143 No./cm2 (March, 2008) to 394 No./cm2 (Januaiy, 2008), 
on stone surface, its density ranged from 62 (April, 2008) to 174 
No./cm2 (January, 2008) and on glass slide surface diatom 
population ranged from 36 (September, 2007) to 142 No./cm2 
(Januaiy, 2008). In pond III, on wood surface, its population 
ranged from 62 (March, 2008) to 165 No./cm2 (December, 2007 
and August, 2007). On stone surface, bacillariophyceae population 
ranged from 51 (March, 2008) to 115 (Sept. 2007) and on glass 
slide surface its density ranged from 30 (March, 2008) to 94 
No./cm2 (September, 2007). In all the three ponds, both on 
artificial and natural substrata, diatom population was found 
dominant in winter months and its density was always found least 
in numbers during summer months. The abundance of diatoms in 
cold months is due to the fact that they are able to grow in 
conditions of weak light and low temperature which are less 
suitable for other algae. 
> Chlorophyceae (Green algae) was the second dominant group 
among different plantperiphyton groups in all the three ponds. In 
the present investigation, this group was represented by the genera 
Actinastrum sp., Ankistrodesmus sp., Chlorella sp., Coelastrum sp., 
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Crucigenia colony, Hormidium sp, Kircheneriella sp., Microspora sp., 
Oedogonium, Pediastrum sp., Pedinomonas minor, Palmella sp., 
Protococcus sp., Scenedesmus sp., Selenastrum sp., Spirogyra sp., 
Sphaeroplea sp, Tetraspora sp., Ulothrix sp., Volvox sp. and 
Zygnema sp. Chlorophyceae population on natural substrata 
ranged from 101 No./cm2 (September, 2007) to 292 No./cm2 
(February, 2008) in Pond I, 163 No./cm2 (September, 2007) to 367 
No./cm2 (May, 2007) in pond II, and 57 (August 2007) to 165 
No./cm2 (November, 2007) in pond III. 
On wood surface, its population ranged from 31 (July, 2007) 
to 107 No./cm2 (February, 2008) in pond I, 42 (April, 2008) to 203 
No./cm2 (December, 2007) in Pond II, 26 (July, 2007) to 84 No./cm2 
(November, 2007) in pond III. On stone surface, chlorophyceae 
population ranged from 15 (June, 2007 and April, 2008) to 47 
No./cm2 (February, 2008) in pond I, 15 (April, 2008) to 106 No./cm2 
(November, 2007) in pond II and 10 (July, 2007) to 57 No./cm2 
(December, 2007) in pond III. On glass slide surface, the population of 
chlorophyceae ranged from 5 (April, 2008 and September, 2007) to 31 
No./cm2 (February, 2008) in pond I, 10 (March, 2008 and April, 2008) 
to 85 No./cm2 (December, 2007) in pond II and 5 (July, 2007) to 40 
No./cm2 (May, 2007) in pond III. The maxima of green algae, at 
different water temperatures, have been shown by different species. 
This indicates that the various species which constitute the bulk of 
the chlorophycean flora in these ponds react diversely at different 
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temperatures. They also indicate the eutrophic nature of the water 
body. 
> Mjrxophyceae (Blue-green algae) formed the third abundant group 
of plantperiphyton in the population density on natural and 
artificial substrata in all the three ponds. In the present 
investigations, this group was represented by the genera, namely 
Anabaena sp., Anacystis sp., Agmenellum sp., Oscillatoria sp., 
Rivularia sp., Spirulina sp., Gomphosphaeria sp. and Nostoc sp. 
Myxophyceae population on natural substrata ranged from 57 
(August, 2007) to 234 No./cm2 (February, 2008) in pond I, 73 
(October 2007, November, 2007 and December, 2008) to 266 
No./cm2 (Februaiy, 2008 ) in Pond II and 20 (January, 2008) to 74 
No./cm2 (June, 2007) in pond III. 
On wood surface, myxophyceae population ranged from 15 
(March, 2008) to 128 No./cm2 (January, 2008) in pond I, 20 (April, 
2008) to 149 No./cm2 (January, 2008) in Pond II and 15 (April, 2008) 
to 52 No./cm2 (Nov. 2008) in pond III. On stone surface, its population 
varied from 10 (September, 2007, March, 2008 and April, 2008) to 53 
No./cm2 (January, 2008) in pond I, 5 (July, 2007 and March, 2008) to 
90 No./cm2 (January, 2008) in Pond II and 10 (July, 2007, 
September, 2007, January, 2008 and Februaiy, 2008) to 37 No./cm2 
(November, 2007 and December, 2007) in pond III. Glass slide surface 
showed myxophyceae population varying from 5 (April, 2008) to 37 
N0./cm2 (January, 2008) in pond I, 5 (July, 2007 and April, 2008) to 
63 No./cm2 (January, 2008) in pond II and 5 (February, 2008) to 25 
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N0./cm2 (October, 2007 and December, 2007) in pond III. They 
indicate the eutrophic nature of the water body. The periods of 
myxophycean maxima were usually accompanied by the low 
concentration of dissolved oxygen. 
> Euglenophyceae formed the fourth abundant group in pond II and 
pond III while in pond I, it formed the fifth abundant group of 
plantperiphyton among all the groups of plantperiphyton on natural 
substrata in ail the three ponds. This group was absent on all the 
three artificial substrata in all the three ponds. . In the present 
investigation, this group was represented by the two genera 
Euglena sp. and Phacus sp. The population ranged from 10 (July, 
2007) to 48 No./cm2 (March, 2008) in Pond I, 16 (December, 2007) 
to 59 No./cm2 (March, 2008) in pond II and 5 (July, 2007, August, 
2007 and January, 2008) to 27 No./cm2 (Nov., 2007 and 
December, 2007) in pond III. They are usually found in abundance 
in organically rich water bodies and can be used as indicator of 
organic pollution. Presence of high nutrient in these waterbodies 
supports their growth. 
> Xanthophyceae population occupied the fifth position in 
plantperiphyton group in pond II and pond III, whereas in pond I, 
its population occupied fourth position by being greater in 
abundance than euglenophyceae population. This group was only 
found on natural substrata. In pond I, its population ranged from 
15 (August, 2007) to 59 No./cm2 (June, 2007), 21 (Sept. 2007) to 
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59 No./cm2 (May, 2007 and June, 2007) in pond II and 5 (January, 
2008) to 16 No./cm2 (May, 2007) in pond III. 
> Rotifera formed the most dominant group of zooperiphyton 
population density on natural and artificial substrata in all the 
three ponds. In the present study, rotifers are represented by 
species of Asplanchna, Brachionus, Keratella, Notholca, Filinia, 
Testudinella, Epiphanes, Lecane, Lepadella, Colurella, Ascomorpha, 
Asplanchnopus, Philodina, Polyarthra, Rotaria and Trichocerca. On 
natural substrata rotifera population ranged from 52 in January, 
2008 to 168 No./cm2 in pond I, 72 in December, 2007 to 318 
No./cm2 in May, 2007 in pond 11 and 31 in February, 2008 to 163 
No./cm2 in June, 2007 in pond III. 
On wood surface, its population ranged from 15 during September, 
2007 and March, 2008 to 105 No./cm2 in June 2007 in pond I, 31 in 
August, 2007 to 112 No./cm2 in May, 2007 in pond II and 10 No./cm2 
in February, 2008 to 52 No./cm2 in May, 2007 in pond III. On stone 
surface, its population ranged from 5 in March, 2008 to 79 No./cm2 
during May, 2007 and June, 2007 in pond I, 15 during October, 2007 
and February, 2008 to 50 No./cm2 in December, 2007 in pond II and 
5 in February, 2008 to 47 No./cm2 during December, 2007 in pond 
III. On glass slide surface. Rotifers population ranged from 5 during 
September, 2007, October, 2007, November 2007 and December, 
2007 to 20 No./cm2 in July, 2007 in pond 1, 5 during October, 2007, 
February, 2008, March, 2008 and April, 2008 to 46 No./cm2 in 
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December, 2007 in pond II and 5 during September, 2007 and March, 
2008 to 26 No./cm2 in December, 2007 in pond III. 
> Cladocera formed the second abundant group of zooperiphyton 
among all the zooperiphyton population density in all the three 
ponds. Cladocera is represented by species of Daphnia, Bosmina, 
Moina, Diaphanosoma and Ceriodaphnia sp. They were only found 
on natural substrata throughout the study period in all the three 
ponds. Population density of cladocera ranged from 5 during July, 
2007, August, 2007, March, 2008 and April, 2008 to 48 No./cm2 in 
January, 2008 in pond I, 10 during September, 2007, October, 
2007 and April, 2008 to 103 No./cm2 in January, 2008 in pond II 
and 5 during June, 2007 and April, 2008 to 52 No./cm2 in 
December, 2007 in pond III. 
> Copepoda was the third abundant group of zooperiphyton among 
all the zooperiphyton population in all the three ponds. Copepods 
were represented by cyclops, and diaptomus. This group was only 
found on natural substrata. Copepoda population density ranged 
from 5 during June, 2004, July, 2007, September, 2007 and 
March, 2008 to 27 No./cm2 in December, 2007 in pond I, 10 in 
April, 2008 to 53 No./cm2 in January, 2008 in pond II and 5 
during June, 2007 and April, 2008 to 54 No./cm2 in December, 
2007 in pond III. 
> Protozoa was the least abundant group of zooperiphyton among all 
the zooperiphyton groups in all the three ponds. Protozoa is 
represented by the species of Centrophyxis, Paramecium and 
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Vasicola sp. Protozoan population on natural substrata ranged 
from 5 (June, 2007, July, 2007 and January, 2008) to 16 No./cm2 
(Ma}^ 2007 and December, 2008) in pond I, 5 (June, 2007, 
September, 2007, October 2007, January 2008 and March, 2008) 
to 26 No./cm2 (April 2008) in pond II and 5 (July 2007, August 
2007, November 2007, February 2008 and March 2008) to 21 
No./cm2 (May, 2007 and June, 2007) in pond III. 
On wood surface its population ranged from 5 (September, 
2007, October, 2007, January, 2008, and April, 2008) to 27 
No./cm2 (May, 2007) in pond I, 10 (February, 2008) to 48 No./cm2 
(December, 2007) in pond 11 and 5 (June and July, 2007 and 
January, 2008) to 16 No./cm2 (November, 2007) in pond 111. On 
stone surface, its population ranged from 5 (May, 2007and July, 
2007) to 27 No./cm2 (January, 2008) in pond 1, 5 (June, 2007, 
September, 2007 and April, 2008) to 22 No./cm2 (December, 
2007)in pond 11 and 5 (July and September, 2007) to 10 No./cm2 
(May, 2007, October, 2007, November, 2007 and December 2007) 
in pond 111. On glass slide surface, its population ranged from 5 
(February, 2008 and April, 2008) to 10 No./cm2 (June, 2007 and 
November, 2007) in pond 1, 5 (June, 2007, February, 2008, March, 
2008 and April, 2008) to 16 No./cm2 (December, 2007) in pond 11 
and 5 (May, 2007, November,2007 and December, 2007) to 10 
No./cm2 (October, 2007) in pond 111. 
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> Eggs and Nauplii were found throughout the period of 
investigation indicating that zooplankton are prolific and 
continuous breeders. 
> Species diversity showed positive and significant correlation with 
evenness in pond I and pond II on natural substrata (r = 0.6454 
and r = 0.970 respectively), whereas in pond III it was positive 
correlation (r = 0.263). On artificial substrata, on wood surface 
species diversity showed significant positive correlation in all the 
three ponds (r = 1.00 in pond I, II and pond III) and on stone 
surface, it showed positive correlation in pond I and pond III 
(r = 0.113 in pond I and r = 0.417 in pond III), whereas in pond II it 
showed negative correlation (r = -0.468). On the glass slide surface, 
it was found positively correlated with plantperiphyton evenness in 
pond II and pond III, whereas in pond I it was negatively correlated 
(r = -0.123 in pond I, r = 0.094 in pond II and r = 0.164 in pond III). 
Species diversity showed significant positive correlation with 
evenness in case of Zooperiphyton in pond I on natural substrata 
(r = 0.777) and positive correlation in pond III, whereas negative 
correlation in pond II (r = 0.065 in pond II and r = 0.319 in pond 
III). On wood surface it showed positive correlation in pond I and 
pond II (r = 0.417 in pond I and II) and negative correlation in pond 
III (r = -0.251) and on stone surface, it showed significant positive 
correlation in pond III and positive correlation in pond I and pond 
II (r = 0.251 in pond I, r = 0.093 in pond II and r = 0.843 in pond 
III). On glass slide surface, it showed significant positive correlation 
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in pond I and pond III (r = 0.939 in pond I, r = 0.797 in pond III), 
whereas in pond II, it showed significant negative correlation with 
evenness in case of zooperiphyton (r = -0.651). Positive significant 
correlation between species diversity and evenness indicated higher 
diversity where there is more equitable abundance of different 
species. 
> Correlation between species diversity (Shannon-Wiener's index) 
and some physico-chemical parameters were also determined. In 
case of plantperiphyton, species diversity showed strong negative 
correlation with water temperature on wood surface and stone 
surface in pond I (wood: r = -0.804, stone: r = -0.828) and only on 
stone surface in pond II (r = -0.755). With pH, showed strong 
positive correlation on wood surface in pond II (r = 0.685), 
whereas on natural substrata, it showed strong negative 
correlation in pond I (r = -0.719). With PO4-P, it showed strong 
positive correlation on natural substrata in pond I (r = 0.579). 
With dissolved oxygen, it showed strong positive correlation on 
wood surface and stone surface in pond I (r = 0.800 on wood and 
r = 0.852 on stone surface). 
> In case of zooperiphyton, species diversity (Shannon-Wiener's 
index) showed strong positive correlation on natural substrata, 
wood surface and stone surface in pond I (natural substrata: 
r - 0.677, wood surface: r = 0.640 and stone surface: r = 0.585). 
With pH, it showed strong negative correlation on natural 
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substrata in pond III (r = -0.596) and on artificial substrata in 
pond I (wood: r = -0.595, stone: r = -0.678 and glass: r = -0.616). 
With dissolved oxygen, it showed strong negative correlation on 
natural substrata and wood surface in pond I (natural substrata: 
r = -0.740, wood: r = -0.654), whereas with NO3 -N, it showed 
significant positive correlation on natural substrata in pond II 
and III (pond II: r = 0.680, pond III: r = 0.646). 
> Plantperiphyton species diversity (Shannon-wiener's index) 
showed strong positive correlation with zooperiphyton diversity 
on all the three artificial substrata in pond III (wood: r = 0.685, 
stone: r =0.633 and glass: r =0.724), whereas in pond I, it 
showed significant negative correlation on wood surface only (r 
= -0.686). 
> The values of species diversity (Shannon-Wiener Index) for 
plantperiphyton ranged from minimum (3.196 in pond III in 
August, 2007) to maximum (3.941 in pond II during December, 
2007) on natural substrata and for zooperiphyton highest species 
diversity values ranged from minimum (2.102 during February, 
2008 in pond I) to maximum (3.501 in pond II during May, 2007) 
in all the three ponds. Among all the artificial substrata highest 
plantperiphyton species diversity (3.412) was found in pond III on 
wood surface during May, 2007, whereas highest zooperiphyton 
species diversity (2.780) was noted on stone surface in pond I 
during May, 2007. This indicated that highest periphyton 
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diversity was found in winter months. The reason for this was, 
diatom group was found highest in winter months which 
constituted about 30-70% of the total periphyton population. 
> Percentage similarity- The Sorenson's index value for 
plantperiphyton was found maximum (100) in pond I and pond II 
and minimum (77.61) in pond III on natural substrata and for 
zooperiphyton highest was found in pond III (87.09) and 
minimum in pond I (32.43). The variations in species similarities 
indicated notable temporal variations in their community 
structure. Species similarities computed between two consecutive 
sampling found least plantperiphyton similarity (14.80) in pond I 
on stone surface, thereby indicating greater heterogeneity 
between their communities and the highest species similarity 
(100) found in pond I and pond II, Showed highest homogeneity 
between communities. 
> Species dominance values for plantperiphyton on natural 
substrata ranged from minimum (0.043 in May, 2007 in pond I) 
to maximum (0.136 in pond I during January, 2008) in all the 
three ponds. For zooperiphyton its value ranged from minimum 
(0.050 in April, 2008 in pond III) to maximum (0.193 in February, 
2008 in pond I). Among artificial substrata, minimum 
plantperiphyton species dominance (0.048) was found on glass 
slide surface in pond III during May, 2007, whereas maximum 
(0.257) was found on stone surface during January, 2008 in pond 
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III. For zooperiphyton, species dominance values ranged from 
minimum (0.0) in January and March, 2008 in pond I on glass 
slide surface to maximum (1.000) in September , October, and 
December, 2007 and February, 2008 on glass slide surface in 
pond 1 and, February and March,2008 on stone surface and in 
March, 2008 on glass slide surface in pond III. Low dominance 
with relatively lesser fluctuating during the study period indicated 
lack of any quantitatively dominant plantperiphyton species in 
these waterbodies. 
> Species Evenness values for plantperiphyton on natural 
substrata ranged from minimum (0.859 in December, 2007 in 
pond I) to maximum (0.0967 in December, 2007 in pond II) in all 
the three ponds whereas for zooperiphyton, its values ranged from 
minimum (0.846 in February, 2008 in pond I) to maximum (1.101 
in June, 2007 in pond I). Among all the three artificial substrata, 
its values for plantperiphyton ranged from minimum (0.0767 in 
September, 2007 on wood surface in pond II) to maximum (1.366 
with some error on glass slide surface during March, 2008 in 
pond 1). For zooperiphyton, its values ranged from minimum (0.0 
on glass slide surface in pond /I and on stone and glass slide 
surface in pond III) to maximum (1.160 on stone surface in 
October, 2007 in pond III). 
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Water is a valuable natural resource and the basis of existence of all 
forms in our biosphere. Besides, the watershed areas of large rivers 
were the birthplace of ancient human civilization in the world. It has 
been the cause of rise and fall of many civilizations which flourished 
along fresh water bodies and perished when they dried (Dayananda et 
al, 2002). 
Water covers about three fourth of the earth's surface of only 2.53% is 
the freshwater (Anon, 2003). However, merely 0.5% of world 
freshwater resources are accessible for human use as two- third is 
locked away in the glaciers and the continental ice while the 
remainder exists as soil moisture (Ganai, 2008). 
India is rich in vivid types of lentic aqua-systems located in different 
geographical regions ranging from the hot and dry arid zone of west, 
cold and wet of northern, tropical monsoon of eastern and central 
India to wet and humid zone of southern peninsula (Hosetti, 2002). 
India had the water spread area of 0.72 million hectares, which was 
reduced to about 0.55 million hectares (Saxena, 1986). According to a 
survey conducted by NEERl*, it was revealed that more than 80% of 
available water in India is polluted. Water discharge from industries 
and domestic sewage has polluted about 70% of water spread area of 
India (Saluja and Jain, 1998). 
Biodiversity or biological diversity may be defined as the variety and 
variability of flora, fauna and microbes in an ecosystem. Biological 
diversity means the variability among living organisms from all 
sources including inter alia, terrestrial, marine and other aquatic 
systems and the ecological complexes of which they are part, 
including diversity u^ithin species, between species and of an 
ecosystem (Jha, 1999). 
The definition in question suggests that biodiversity does not mean 
only the variability of species and the conservation of the threatened 
biota but it covers the whole range of natural environments, from 
microbes to landscape. 
Beginning of knowledge, concerning freshwater life arose in remote 
past probably long before the time of Aristotle (384-322 B.C). 
Limnology has proved helpful in understanding the dynamics of 
standing water since the time of Forel (1841-1912) who is regarded as 
the founder and father of limnology (Welch, 1952). The term limnology 
is derived from the Greek word "Limne" meaning pool, marsh or lake 
(Cole, 1983). 
Welch (1952) defined limnology as "the branch of science which deals 
with the biological productivity of inland waters and with all the 
causal influences, which determine it". 
*NEERI- National Environmental Engineering Research Institute, 
Nagpur 
Important contributions in the field of limnology are those of Birge and 
Juday (1911, 1929) , Mortimer (1941), Chandler (1944), Rodhe (1948), 
Ganapati and Chacko (1951), Welch (1952), Hutchinson (1957, 1967, 
1975), Reid (1961), Ruttner (1963), Hynes (1963, 1964), Verma (1964), 
Zafar (1964, 1966), Michael (1965, 1969), Munawar (1966, 1970), 
Khan and Qayyum (1966a,b), Hussainy (1967), Vasisht (1968), Vyas 
and Kumar (1968), Verma and Shukla (1968, 1970), Sumitra (1969), 
Khan (1969), Das (1970), Saha et al (1971), Moitra and Mukherji 
(1972), Saksena and Adoni (1973), Jana (1973, 1974), Nasar and 
Munshi (1975), Vasisht and Sharma (1975), Wetzel (1975, 1983), 
Zutshi and Khan (1977), Khan et al. (1978), Bohra et al (1978), Ali 
and Khan (1979), Jyoti and Sehgal (1979), Fernando (1980, 1984), 
Zutshi (1981), Datta et al (1983, 1984), Cole (1983), Goldman and 
Home (1983), Chatopadhya et al (1984), Arora et al (1985), Khan 
and Khan (1985), Hedge (1985), Hosetti et al (1985), Reddy and 
Venkateshwarlu (1986), Yousuf et al (1986), Yousuf et al (1986), 
Gunale (1991), Baruah and Bardoli(1993), Baruah and Das (1998), 
Haque et al (1988), Hails (1997), Gaur (1998), Untoo et al (2001), 
Khan et al (2002), Mavarkar and Hosetti (2000), Panda and Mishra 
(2002), Bhaumik et al (2003), Garg and Totawat (2004), Pandit et al 
(2005) Palaniswami et aLf2006), Strobl et al (2007), Parveen et al 
(2007) and Hassan et al. (2008). 
Aufwuch is a term used to cover the small animals and plants that 
encrust hard substances, such as submerged rocks, wooden objects, 
higher plants and other submerged objects in aquatic environment. 
The name comes from German term which means growth. In both, 
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marine and freshwater environments, algae, particular green algae 
and diatoms, make up the dominant component of aufwuch 
community. Small crustaceans, rotifers and protozoans are also 
commonly found in fresh water and the sea, but insect larvae, 
oligochaetes and tardigrades are peculiar to freshwater aufwuch fauna 
hence the organisms which are attached to or creep upon a 
submerged substrate are called as aufwuch. 
The German term "Aufwuchs" is the most suitable term for the 
attached community in general and in all environments (Sladeckova, 
1962). Some workers have favoured the use of the term "Periphyton" 
when referring to the micro organisms growing on inorganic 
substances such as the rocks found in natural streambed and 
laboratory streams (Ruttner, 1953). 
Browsing the literature reveals that the terminology of these attached 
microbial communities is both inconsistent and highly confusing. 
Terms such as biofilms, microlayers, aufwuchs, periphyton and 
benthos have been used synonymously for several decades, but many 
of these terms have also been linked to more specific definitions 
varying with time and geography, among research groups (Weitzel, 
1979) and even between publication from the same author. 
Today, the term most oftenly used in the aquatic scientific literature is 
'periphyton', but still the definitions vary considerably and may specify 
either microfloral communities or entire micro communities (including 
both living and dead components) attached to substrata that are 
either natural or artificial. 
Periphyton or more appropriately "aufwuch" is the name given to the 
group of miscellaneous organisms that grow or live on the free 
surfaces of submerged objects like plants, wood, stones, etc. These 
may form little gelatinous blobs or may be woolly, slippery or crusty 
coats (Michael, 1984). 
Although aufwuch is undoubtedly a better word for this type of 
community, but most English speaking investigators, have found the 
term awkward and still prefer the word 'periphyton' despite the 
obvious ambiguity. The German term 'aufwuch' enjoyed popularity for 
years following the Frey and Fry translation of Ruttner's work (1953) 
but "periphyton" seems to have come back and is widely used ( Cole, 
1983). 
According to Wetzel (1983) the term periphyton is usually referred to 
describe the microfloral growth on the submerged objects. Cole (1983) 
used the term periphyton to describe microflora attached to 
submerged objects along with other living forms like bacteria, fungi 
and animals like vorticella and the branched Caschesium 
(protozoans). 
According to Wetzel (1983) periphyton can be classified as under: 
(i) Epiphytic periphyton - These includes all those algae growing 
on macroph5^ic surfaces. 
(li) Epilithic periphyton - It consists of all those algae and flora 
growing on rocks and stone surfaces. 
(iii) Epipelic periphyton - It consists of all those algae and flora 
growing on the sediments (fine organic matter). 
(iv) Epizoic periphyton - It consists of all those algae and flora 
growing on the other surfaces of animals. 
(v) Episammic periphyton - It cosnsits of all those algae and 
specific organisms growing or moving through sand. 
Generally, aufwuchs or periphyton may be grouped into four 
categories namely (i) epixylon - which live on plants, (ii) epizoon -
which live on animals, (iii) epilithon - which live on rocks, and (iv) 
epixylon- which live on dead wood ( Michael, 1984). 
I have chosen to define 'periphyton' according to Wetzel's opening 
remarks in his book (Wetzel, 1983). After a short discussion of the 
inconsistencies related to the terminology he concludes that it is 
perhaps best to simply accept the word periphyton, as it is widely 
understood, a complex community of microbiota (algae, bacteria, 
fungi, animals, and inorganic and organic detritus) that is attached to 
substrata. The substrata are inorganic or organic, living or dead 
(Wetzel, 1983). 
Periphyton are useful in assessing the effect of pollutants on lakes, 
streams, and estuaries (APHA, 1998). Periphyton are best developed 
on littoral and sublittoral regions and is very meager wherever wave 
actions are severe. Though periphyton is generally treated as benthos, 
it is not typical of this community in certain respects. It occurs quite 
profusely on any kind of substratum like a wooden pole that is held 
up in the water many centimeters above the bottom. It is also known 
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that some organisms which form path of the periphyton, when washed 
off their supports, may become part of the plankton (Michael, 1984). 
In lakes, having thermal and chemical stratification, periphyton 
appear to be confined to bottom areas above the level of the lower limit 
of thermocline. Because of its almost universal presence in water and 
the conspicuous quantity often produced, periphyton must play an 
important role in limnological process of a lake or stream (Welch, 
1952). 
Periphyton being a community in itself has its own cycle of abundance 
having a role to play in the trophic structure and functions even 
though some of the members are common to plankton, bottom biota 
and periphyton (Singh et al, 2003). 
Periphyton are primary producers and sensitive indicators of 
environmental changes in lotic waters. Because periphyton are 
attached to substrate and the assemblage integrates physical and 
chemical disturbance to the stream reach. Aufwuch are important 
primary producers in fast flowing streams where plankton cannot 
exist (Michael, 1984). Periphyton in streams and rivers are an 
important component of aquatic ecosystems providing food for 
invertebrates and thus fish in local and downstream ecosystems 
(Cascallar et al, 2003; McCormic and Stevenson, 1988; Perrin and 
Richardson, 1997) or both and influenced by temperature (Francoeur 
et al, 1999; Morrin et al, 1999; Robinson and Minshall, 1998; 
Weckstroem and Korhola, 2001). Produciton in both freshwater and 
marine littoral is strongly dependent on the assemblage of algae and 
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heterotrophic organisms that exist in the periphyton community 
(Hillebrand et al, 2002). They are the primary producers in 
freshwaterbodies including lakes where different forms are present in 
various locations viz. epilithic (rocks), episammic (sand), epiphytic 
(plants), epipelic (sediments) and epizoic (animals) forms (Kadiri, 
2002). 
Ecologically, periphyton play an important role in nutrient cycling and 
biological productivity in aquatic systems, linking a number of 
bottom-up and top-down processor (Loeb et al, 1983; McCollum et 
a/. 1998; Kiffney and Richardson, 2001; Dodds, 2003). 
Periphyton extracts nutrients from the water column in contrast to 
most macrophytes that derive their nitrogen and phosphorus from the 
sediments (Barko and Smart, 1980, 1981). 
Periphyton communities can rapidly deplete waterways of nutrients, 
assuming no additional inputs and communities vai-y compositionally 
(i.e. species types) with nutrient concentrations (Marinellarena and Di 
Giorgi, 2001). 
Periphyton community structure, species composition, and succession 
respond to environmental conditions and thus can be used to classify 
waterways (Denicola et al, 2004; Wargo and Holt, 2004). In addition, 
these algal communities can and have been used as biological 
indicator of ecological conditions and change in condition in response 
to human and natural disturbance (McCormick and Stevenson, 1998., 
Chessman et al, 1999; Komulaynen, 2002; Cascallar et al, 2003; 
Hamsher and Vis, 2003; Denicola etal, 2004). 
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Over the past twenty five years, ecological studies of periphyton have 
emerged from the shadows of mainly planktonic studies (Kingston et 
ai, 1983; Lowe, 1996). The increase in periphyton research is 
important to lentic ecology because periphyton axe important primary 
producers in freshwater habitats and can contribute upto 80% of net 
productivity for a system (Wetzel, 2001). Many of the early studies of 
periphyton were descriptive in nature, based on naturally occurring 
spatial and temporal patterns (Stevenson and Stoermer, 1981; 
Kingston et a/., 1983), or were experimental in nature, and were 
performed in lotic environments (Lamba and Lowe, 1987; Miller et al, 
1987; Steinman and Mclntire, 1990; Biggs and Smith, 2002; 
Francoeur and Biggs, 2006). Few studies have examined periphyton in 
lentic environment and even less has utilized insitu experimentation 
m studying lentic periphyton (Hudan and Bourget, 1981; Hoagland et 
al, 1982; Hoagland, 1983; Hoagland and Peterson, 1990; Sekar et al, 
2002). Some informations on periphyton of Indian waters are obtained 
through the works of Mishra and Singh (1968), Phillipose et al (1976), 
Jha (1979), Laal et al (1982), Sugunan and Pathak (1986), Rao 
(1990), Sukumaran and Karthikeyan (1999), Singh et al (2003), Saha 
et al (2007), Ravi and Savalla (2009). 
Despite the many periphyton investigations of the past twenty five 
years, a lack of insitu experimentation on lentic periphyton still exists 





Chapter - II 
Climatology of Aligarh Region and Description of Ponds 
Climatic factors like wind, rainfall, temperature, pressure and 
humidity play very important role in the ecology of aquatic as well as 
terrestrial environments (Barclay, 1966). Handa et al. (1987) and 
Panday and Tripathi (1988) have also reported the role of climatic 
factors in the ecology of aquatic environment. These factors control 
organic production in all the waterbodies by affecting circulation and 
exchange of essential nutrients (Rawson, 1951; Rodhe, 1958). 
Aligarh, a district of Uttar-Pradesh in Northern India, is located in the 
central Ganga Yamuna Doab at latitude 27054'N and longitude 7804'E. 
It experiences the tropical monsoon type of climate with marked 
North-East and South-West monsoons. The year can be broadly 
divided in to the following five seasons: 
1. Winter season (December to January) 
2. Post -Winter (February to March) 
3. Summer season (April to June) 
4. Monsoon season i.e. season of general rains (July to 
September) 
5. Post-monsoon season, i.e. season of retreating monsoon 
(October to November) 
The winter season is marked with a gradual fall in 
temperature. Days are moderately warm but nights are cool. The 
region experiences a relatively good humidity and is mostly rainless. 
The winds during this season blow very slow. 
The Post-winter season is marked with gradual rise in temperature, 
bright sunshine absence of cloudy days, a gradual lengthening of the 
photoperiod and a lower relative humidity. 
The summer season is marked with a gradual rise in temperature with 
bright sunshine. The temperature shows a gradual increase in April, 
May, June and July. It is with lengthening photoperiod and a lower 
relative humidity. Hot dry winds of great velocity are a regular 
phenomenon during the season. Wind blows with a force of gale 
during day, falls off very rapidly in the evenings and nearly calm down 
during nights. These fast winds are locally called as loo. The 
occurrence of dust and thunderstorms caused by convection currents 
is a peculiar phenomenon of the hot weather season. There are no 
rains during the summer months except for the small amount 
accompanied by the thunderstorms. The wind velocity causes wave 
actions and strong currents and, as a result, fragmentation of 
filamentous algae and fragile organisms take place. Microcystis sp., a 
colonial form, produce smaller irregular and loosely constructed 
colonies due to wave actions. 
Summer season is followed by the monsoon season. During this 
season, rains start pouring. The rains generally begin in the month of 
July and last till the end of September to early October. This season is 
characterized by a gradual fall in temperature, more numerous cloudy 
days, relative low light intensity, and gradual shortening of the 
photoperiod, high relative humidity and cyclonic weather. The months 
of July and August have steady rains. Rains also affect the 
morphometry of wetlands. The density of plankton gets affected by 
flooding of the wetlands during monsoon as the number of plankton 
per liter of water decreases considerably, showing an inverse 
relationship with the intensity of rainfall. The monsoon season is 
followed by a period of transition from rainy to dry and cool weather. 
This is the season of retreating monsoon and is termed as post-
monsoon season. This season is characterized by a further fall in 
diurnal and nocturnal temperatures and a gradual decrease in 
photoperiods and relative humidity. The average rainfall in October is 
0.790 mm and the relative humidity in this month come down to 
55.90%. As the sky clear and the sun shines, the day temperature 
rises while due to the dryness of the air there is a tremendous 
decrease in the night temperature. 
Variations in air temperature are affected.by the cold, dry and hot 
wind action during different seasons of the year. The winter is usually 
very cold whereas the summer is quite hot. The months of November, 
March and April are found to be moderate. The temperature changes 
in winter are influenced by the rainfall and cold winds, while the 
summer is influenced by the dry and hot winds. 
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Description of ponds 
Wetlands directly or indirectly have an enormous ecological, 
commercial and socio-economic importance and values, which are 
rich in components of bio-diversity, life, flora and fauna of important 
local, natural and regional significance (Gopal, 1995). 
Aligarh and its adjoining areas are richly well off with wetlands 
which support an extensive and regular fisheries of various kinds. 
They are surrounded by two river systems Ganga and Jamuna with 
Lheir many tributaries. 
In the present investigations three waterbodies, namely pond 1, pond 
II and pond III have been selected as waterbodies to study Aufwuch 
communities on natural and artificial substrata. 
Medical Pond (pond I): The medical pond, locally termed as 
Dhobighat is a perennial fresh water sewage fed wetland, situated at a 
distance of about 2 kms from University campus. It has achieved 
golden jubilee in its age and is almost rectangular in shape. It is a 
shallow eutrophic wetland covering an area of about 0.57 hectare with 
Its depths varying from 1.50 m during monsoon to 0.60 m during 
summer. Its source of replenishment is mainly rainwater which enters 
as a surface run-off during rainy season and through a drain coming 
from the adjacent locality and overhead tank. 
This waterbody is used as a drainage basin into which drainage water 
sweeps from the surrounding locality and also for bathing and 
washing purpose. Organic nutrients are added in the pond through a 
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drain which brings sewage from adjacent locality. Many washermen 
use this wetland for washing the clothes, thus adding certain 
chemicals and colours to its water almost everyday that bring certain 
physico-chemical and biological changes in its flora and fauna 
regularly. The water of this wetland is turbid due to luxuriant growth 
of microscopic algae and the colour or stains of the washing chemicals 
used by washerman. Its main fish inhabitants are air breathing fishes, 
like Esomus danricus, Heteropneustes fossilis, Clarias batrachus, 
Channa punctatus and Colisa fasciatus along with other aquatic 
organisms, like frogs, water snakes, worms and certain tortoises etc. 
which were encountered during the course of study. 
Diggi Pond (pond II): It is a perennial freshwater sewage fed pond 
and is situated in the residential area of Aligarh at a distance of about 
1.5 km from one department of Zoology. The drainage system of this 
pond constitutes four inlet drains which bring in the waste water and 
sewage from the surrounding locality. A livestock, buffalo's dairy shed 
is situated on the south-east bank of pond which also supplies large 
quantity of excretory products. The whole shoreline of the pond is 
surrounded by large numbers of trees, namely Azadirachta indica, 
Dalbergia sissoo and Acacia Arabica. Considerable amount of leaf 
litters from these trees are deposited in the bottom of the pond making 
its basin marshy. These tall trees on the north-west side cover the 
pond in such a way that deprive the shore line area from direct 
sunlight during late hours of the day. The water of the pond is turbid 
and dull green in color showing luxuriant growth of algae through out 
the year. The pond is used as a drainage basin into which raining 
water sweeps from the surrounding area. 
Zoology pond (pond III): This pond is situated in Department of 
Zoology. This pond was made for culture practices and other 
experimental works. The pond has almost rectangular shape with 
length 13.6 m, breadth 6.70 m and depth of about 1.5 m. Its water 
holding capacity is about 133.655 m^. It is a perennial pond receiving 
water through a tap located near the shore line. The pond is 
surrounded by a number of large trees which leave fall into the water 
and increase its organic matter content. This pond is fenced by iron 
bars on one side and another side by hedge while remaining sides are 
open though this pond is situated in the department but it does not 
receive any kind of laboratory discharge, the soil color of the banks 
surrounding the pond is light brown and is covered with lush green 







Chapter - III 
Methodology 
Different physico-chemical parameters were analyzed monthly from 
March, 2007 to April, 2008 in three selected ponds. Each chemical 
parameter was repeated at least three times and average of the three 
readings was taken for the sake of accuracy. 
Air and water temperatures were recorded with the help of mercury 
thermometer graduated upto 100°C at 10 am, every month. 
Transparency, the limit upto which light can penetrate in water 
body, was measured by using standard Secchi disk having a diameter 
of 30 cm and divided into black and white quadrants. The average of 
two depth readings at which secchi disc disappeared and reappeared 
was noted as transparency. 
Electrical conductivity was measured by conductivity meter in 
|uScm"i. 
Dissolved Oxygen (D.O) was determined at the sites by Winkler's 
modified technique (APHA, 1998). 
Free Carbon dioxide (COg) was determined by titrating a 100 ml 
water sample with 0.025 N NaOH using phenolphthalein as an 
indicator. 
pH of water was determined at the sites by using a portable electronic 
digital pH meter. 
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Alkalinity was estimated by titrating 100 ml water sample with 0.02 
N Sulphuric acid using phenolphthalein and Methyl orange as 
indicators (Theroux et al, 1943). 
Hardness of water was estimated by titrating the water sample with 
0.0IN EDTA solution using Murexide as indicator (Trivedy and Goel, 
1984). 
Calcium and Magnesium was estimated by titrimeteric method 
(Trivedy and Goel, 1984). 
Nitrate-Nitrogen (NOa-N) was determined following the phenol-
disuifonic acid method (Theroux et al, 1943 and Trivedy and Goel, 
1984). 
Inorganic phosphorus (PO4-P) was estimated by the ammonium 
molybdate blue method using stannous chloride (SnCk) as an 
indicator (Barnes, 1959). 
In order to analyze the periphytic flora and fauna of the pond, 
samples were collected from the natural substrata by scrapping 
submerged stones, sticks and parts of macrophytes. 
Artificial substrata of different objects were suspended in the pond in 
surface water at a depth of about 50 cm with the help of nylon thread 
and two iron rods. These artificial substrata include glass slides 
(7.5 X 2.5 cm), wooden blocks (7.5 x 2.5cm) and stones (7.5 x 2.5 cm). 
Each substratum was suspended in triplicates so that the average 
values of periphytic communities attached to particular substratum 
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may give almost a correct number of the concerned basis and the 
average of this has been expressed in terms of No./cm^ per month. 
After the completion of incubation period each substratum was taken 
out and with the help of scalpel and brushes the organisms were 
detached from the substratum and transferred into plastic vials. All 
these were frxed in formaldehyde solution and then analyzed under 
the inverted microscope. 
Calculation for the densities of periphytic organisms per unit area of 
the surface water was made after following the work of Adoni (1985) 
and using the following formula: 
Periphyton/cm2=A x V/v x 1/S; where 
A=average no. of organisms per ml. 
V=volume of scrapings (ml) 
V = volume of one drop (ml) and 
S=area of scrapping (in cm.'^) 
Periphyton species diversity was determined following Shannon-
Wiener's Index (Ludwig & Reynolds, 1988) using the formula: 
H= - (Y pi in pi); where 
pi= n/N 
n= no. of individual species, 
N= Total density of all organisms. 
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Species diversity was calculated by Menhinick's Index (Menhinick, 
1964) method using the formula: 
Dmn = S/ VN; where 
S = Total number of species 
N = total density of all the species 
Percentage similarities between various periphytic communities 
were calculated using Sorenson's index (Sorenson, 1948) formula: 
Cs = 2C X 100 ; where 
a+b 
C = species common in two samples 
a = number of species of one collection 
b = number of species of next collection. 
Species dominance was calculated using Berger-Parker's Index 
(Berger and Parker, 1970) formula: 
d = Nmax/ N; where 
Nmax = density of most dominant species, 
N = density of all the species 
Evenness was calculated using formula: 
El = HV In S (Pielou, 1975); where 
H''= species diversity 
S = species richness. 
ANOVA was applied to ascertain significance of variations of the 







I. Physical Limnology 
Light conditions 
Light is the ultimate energy source for primary production and 
algal growth in any aquatic ecosystem. Variation in primary 
production within a localized area and across geographical regions 
can be attributed to variations in the light availability, just as the 
temporal variation (from minutes to seasons) of the light has been 
shown to be of major importance (Harris, 1980). Probably, all the 
events within a waterbody are directly or indirectly determined by the 
intensity of light. Periphyton diversity and abundance depends on light 
intensity (Eloranta, 1982; Meulemans, 1988; Boriey, 1989; Maltais 
and Vincent, 1997; Wetzel, 2001). Light absorption by suspended 
particles is an important characteristic of aquatic ecosystem because 
it greatly determines their optical properties and reflects the nature of 
these particles (Kirk, 1983). Light absorption by phytoplankton is an 
important component of planktonic primary production (Marra et al, 
1993). The light absorbed by non-phytoplanktonic organisms has 
been postulated to be related to their biomass and metabolic activities 
(Agusti, 1994). Natural waters also exhibit great differences in the 
degree to which light can illuminate them wherein wide seasonal and 
diurnal fluctuations are noted (Hutchinson, 1975). The effects of light 
and wave disturbance on algal community composition have been 
examined in a large reservoir (Hoagland and Peterson, 1990). It has 
been proved that periphyton may restrict the degree of the light that 
reaches the plant by as much as 80% (Ondok, 1978) and may also 
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limit the diffusion of some nutrients, including carbon (Sand-Jansen 
and Borum, 1984; Scheffer, 2001). 
Despite the large amount of literature exits on the light 
conditions, photosynthesis, turbidity, transparency of aquatic 
ecosystems, there is a dearth of information relating to light. Recently, 
Carter and Rybicke (1985), Marra et al. (1993) Longcore and Rich 
(2004), Diehl et al. (2005), Liu (2005) and Berger et al. (2006) have 
given interesting and useful detailed accounts on the principles of 
light penetration in different types of waterbodies, its measurement 
and effect on aquatic organisms. 
In the literature there are claims that physical disturbance is widely 
acknowledged to affect the structure of periphyton communities 
(Luttenton and Baisden, 2006). The spatial composition of light has 
also been suggested as a factor controlling the depth distribution of 
submerged macrophytes (Buesa, 1975; Kirk, 1979, 1983; Chambers 
and Prepas, 1988). In many parts of the world, progressive nutrient 
enrichment has led to the disappearance of macrophyte population 
(Jupp and Spence, 1977; Phillips etal, 1978; Moss, 1979, 1983). 
Water transparency is an important physical parameter that affects 
algal community. It determines the depth of the photic zone and 
consequently affects the lower limit of light penetration. This lower 
limit is the limit of algae photo synthetic activity (Oleic and Ekelemu, 
2007). According to Wetzel (1983) transparency of water allows light 
penetration which has far reaching effects on all aquatic organisms 
including their development, distribution and behavior etc. 
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Transparency of water can also be used as a reliable index of 
productivity (Steeman-Nielsen, 1957; Hutchinson, 1975). Secchi disc 
transparency and sunshine also are found to be significant 
environmental drivers for the upstream periphytic diatom 
communities (Rouf et al, 2008). The transparency of waterbody 
depends upon turbidity (Chandler, 1944; Hutchinson, 1975), which is 
caused by dissolved substances and suspended matter, both living 
and non-living thus light availability at a depth is affected directly by 
the presence of total suspended solids and plankton in water column 
and by macrophytes and sediment accumulation on the surface. Vast 
literature exists on light conditions and transparency of ecosystems. 
Diehl et al. (2005), Liu (2005) and Berger et al. (2006) have given 
useful account on the principles of light absorption in different water 
bodies and its effect on aquatic organisms. 
Wide seasonal fluctuations in transparency values were noted in three 
ponds (Table-1). The low transparency during rainy season was due to 
entry of huge amount of suspended and colloidal matter, silt and clay 
into the water body along with the rainwater from the surrounding 
fields. During summer, it is mainly due to evaporation of water, which 
causes concentration of dissolved solids at increasing temperature 
and production of plankton. Many workers (Chaurasia and Adoni, 
1985; Kaushik et al, 1989, 1991; and Kant and Raina, 1990; Kaushik 
and Saksena, 1999) have also reported similar observations with 
regard to transparency of water in different water bodies in the 
country. 
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Kumar et al. (1996) have observed domestic sewage as the 
main factor responsible for low transparency. Sreenivasan (1958) has 
also emphasized that water with low transparency are not suitable for 
fish culture as they contain little organic matter, minerals and 
nutrients. In natural water acidification results in increased 
transparency (Schofield, 1972; Aimer etal, 1974; Schindler, 1980). 
Statistically transparency showed negative correlation with pH in 
pond 1 and pond III, whereas in pond II it showed positive correlation 
with pH (r = -0.080 pond 1, r = 0.369 in pond II and r = -0.690 in pond 
III). Similar results were also obtained by several workers who found 
strong inverse relationship between pH and Secchi disc transparency 
(Hornstrom et al, 1973 and Datta etal, 1985) (Fig. 7a). 
Statistically, transparency showed negative correlation with 
plantperiphyton diversity (Shannon-Wiener's index of diversity) on 
natural substrata in pond I (r = -0.101), whereas it depicted 
significant positive correlation with zooperiphyton diversity on natural 
substrata (r = 0.579). Transparency showed negative significant 
correlation with plantperiphyton diversity found on wood surface, 
stone surface and glass slide surface (wood: r = -0.768, stone: 
r = -0.804, glass: r = -0.376), whereas with zooperiphyton diversity it 
showed positive correlation on all the three artificial substrata (wood: 
r = 0.475, stone: r = 0.431, glass: r = 0.417) (Table- 11; Fig.7b). 
In pond II, transparency showed negative correlation with 
plantperiphyton diversity (Shannon-Wiener's index of diversity) on 
natural substrata (r = -0.102) and positive correlation with 
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zooperiphyton diversity (r = 0.464). On wood and glass slide surface, it 
showed positive correlation with plantperiphyton diversity (r = 0.446 
and r = 0.114 respectively). On stone surface, it showed significant 
positive correlation with plantperiphyton diversity (r = 0.562), whereas 
it showed positive correlation with zooperiphyton on all the three 
artificial substrata i.e. on wood, stone and glass slide surface (wood: 
r = 0.317, stone: r = 0.387 and glass slide surface: r = 0.267) (Fig. 
7b). 
In pond III, transparency showed negative correlation with 
plantperiphyton diversity (Shannon-Wiener's diversity) found on 
natural substrata (r = - 0.030), whereas with zooperiphyton diversity it 
showed positive correlation on natural substrata (r = 0.369). On wood 
and glass slide surface, it showed positive correlation with 
plantperiphyton diversity (r = 0.196 and r = 0.189 respectively), while 
on stone surface, it showed negative correlation with plantperiphyton 
diversity (r = -0.030). With zooperiphyton diversity, transparency 
showed negative correlation on wood and glass slide surface 
(r = -0.094 and r = -0.365 respectively) and on stone surface it was 
positively correlated with zooperiphyton diversity (r = 0.090) 
(Table- 11; Fig.-7b). Stevenson and Stoermer (1981) concluded that 
high light had a positive effect on the diversity of diatoms in Lake 
Michigan. Transparency is inversely proportional to the abundance of 
plankton, hence an increase in plankton abundance reduce 
transparency (Atoma, 2004). 
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Temperature 
Solar radiation is the main source of heat in aquatic ecosystem and 
the energy that distributes heat in the environment is derived from 
wind (Birge, 1916). From the ecological point of view the thermal 
properties of water and corresponding relationships are the most 
important factors in maintaining fitness of the water of an ecosystem. 
Rainfall and solar radiations are the major climatic factors that 
influence most physico-chemical hydrology of water bodies (Odum, 
1992; Kadiri, 2002). The daily radiation received by the waterbody 
hardly brings about significant fluctuation (Imoobe and Oboh, 2003). 
It takes time before 1°C of heat radiation is gained or loss at the water 
surface due to the slow response of water bodies to heat radiation 
(Olele and Ekelemu, 2007). Temperature regulates various physico-
chemical as well as biological activities (Kumar et al, 1996). 
Fluctuation in temperature of an aquatic medium regulates the 
biological composition of that ecosystem (Banerjee et al, 1989). 
It may be mentioned that no other single factor has so much profound 
and direct or indirect influence on physico-chemical, biological and 
physiological behaviour of aquatic ecosystem than that of 
temperature. It also reflects the d3aiamics of living organisms 
(Chandler, 1944). The level of distribution of gases and nutrient cycles 
along with the other biogenic processes get affected by the change in 
temperature of environment (Welch, 1952). All the waterbodies 
frequently undergo dial cycles of thermal and chemical vertical 
stratification and destratification, under hot and quiescent weather 
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conditions (Catheart and Wheaton, 1987; Losordo and Piednahita, 
1991). The water temperature in these shallow basins closely related 
to ambient air temperature, which is obviously dependent upon the 
meteorology of the region, particularly solar radiation, photoperiods 
and clouds cover etc. Change in water temperature closely follows air 
temperature and always remains less than air temperature except 
sometimes during winter. 
In addition to above mentioned works, some recent and important 
contributions from India and abroad are those of Zhou et al. (2000) 
Yurista (2000), Gaur et al. (2001), Khan et al (2002), Lee et al. (2003), 
Weisse (2003), Loboriussen et al. (2005), Vandekerkhoul et al. (2005), 
Devreker et al. (2006), Heide et al. (2006) and Elliot and May (2008). 
Monthly surface water and air temperature in pond I, pond II and 
pond III are given in Table-1. Apparent seasonal and monthly changes 
were found in both air and water temperatures. These changes are 
due to addition or loss of heat in the waterbody (Wetzel, 1983). It has 
been reported by Anderson (1968) that surface area and volume of the 
waterbody are the two extremely important parameters to assess 
fluctuations in water temperature. Maximum 6.0°C difference was 
recorded between air and water temperatures. A 2°C difference 
between air and water temperatures was reported by Hodgetts (1992). 
Contrary to this, a large number of researchers, such as Munawar 
(1970), Ambasht (1971), Shardendu and Ambasht (1988), have 
observed wide difference (8.0 to 10°C) between these two variables. 
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The air temperature over these ponds varied between 12°C to 37oC 
with minimum during January, 2008 and maximum during July, 
2007 (Table-1). Water temperature varied from 15.0^0 to 37.0oC in 
pond I, 17.0° to 39.0°C in pond II and 13.0°C to 36.0°C in pond III 
(Table-1).The range in temperature for all the waterbodies under 
study, fairly agrees with the range provided for water temperature 
from most of the waterbodies in Indian subcontinent (Qadri and 
Yousuf, 1980; Singhal et ah, 1986; Ramanibai and Ravichandran, 
1987; Valech and Bhatnagar, 1988; Ghosh and George, 1989 and 
Kant and Raina, 1990). According to Venkateshwarlu (1983), these 
waterbodies fall under the category "mesothermar. 
The statistical analysis showed a very significant positive correlation 
between surface water temperature and air temperature (pond I: 
r = 0.875; pond II: r = 0.925; pond III: r - 0.909) (Fig. 8a). Haque 
(1991) has also reported similar correlation between these two 
variables. Water temperature showed negative significant correlation 
with dissolved oxygen on natural substrata in all the three ponds 
(pond I: r = -0.923, pond II: r = -0.468 and pond III: r = -0.866) (Table-
11; Fig. 8a). It directly affects the survival and distribution of flora and 
fauna in an ecovsystem (Vijaykumar et al, 1999). Olele and Ekelemu 
(2007) reported in their study that high water temperature 
fluctuations revealed a direct opposite relationship with dissolved 
oxygen concentration. 
Correlation analysis of Water temperature with total plantperiphyton 
population density on natural substrata, showed a negative 
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correlation in all the three ponds (pond I: r = -0.509, pond II: 
r = -0.362, pond III: r = -0.429), whereas with zooperiphyton, it showed 
significant positive correlation in pond I and positive in III and 
negative correlation in pond 11 (pond I: r = 0.583, pond II: r = -0.279, 
pond III: r = 0.320) (Table-11; Fig. 8b). 
Water temperature with plantperiphyton, on wood surface showed 
strong negative correlation in pond I and pond II, whereas in pond III, 
it showed positive correlation (pond I: r = -0.798, pond II: r = -0.593, 
pond III: r = 0.070). With zooperiphyton it showed significant positive 
correlation in pond I and negative correlation in pond II and pond III 
(pond I: r = 0.590, pond II: r = -0.538, pond III: r = -0.102). On stone 
surface, showed significant negative correlation in pond I and pond II 
and negative correlation in pond III (pond I: r = -0.695, pond II: 
r = -0.731, pond III: r = -0.183), whereas with zooperiphyton it showed 
positive correlation in pond I and negative correlation in pond II and 
pond III (pond I: r = 0.334, pond II: r = -0.493, pond III: r = -0.071). 
On glass slide surface, water temperature with total plantperiphyton 
population, showed strong negative correlation in pond I and pond II, 
and negative correlation in pond III (pond I: r = -0.687, pond II: 
r = -0.670, pond III: r = 0.240), whereas with zooperiphyton, it showed 
significant positive correlation in pond I and negative correlation in 
pond II and pond III (pond I: r = 0.634, pond II: r = -0.481, pond III: 
r=-0.204) (Fig. 8b). 
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Correlation analysis of water temperature was also made with 
plantperiphyton and zooperiphyton diversity. Water temperature 
showed positive correlation with plantperiphyton and zooperiphyton 
diversity (Shannon-Wiener's index of diversity) on natural substrata in 
pond I (r = 0.404 and r = 0.677 respectively). On wood, stone and 
glass slide surface, it showed significant negative correlation with 
plantperiphyton diversity (r = -0.804, r = -0.828 and r = -0.390 
respectively), whereas with zooperiphyton diversity, it always showed 
significant positive correlation on all the three artificial substrata 
(wood: r = 0.640, stone: r = 0.425 and glass slide surface: r = 0.585) 
(Fig, 8c). Elster and Komarek (2003), stated that the periphyton reacts 
rapidly to a temperature increase from 4 to 11°C. 
In pond II, water temperature showed positive correlation with 
plantperiphyton diversity (r = 0.024) and negative correlation with 
zooperiphyton diversity (r = -0.233) on natural substrata. On wood, 
stone and glass slide surface, it always showed negative correlation 
with plantperiphyton diversity (r = -0.330, r = -0.755 and r = -0.518 
respectively), whereas with zooperiphyton, it also showed negative 
correlation on all the three artificial substrata (wood: r = -0.304, 
stone: r = -0.330 and glass slide surface: r = -0.269) (Fig. 8c). 
In pond III, water temperature showed negative correlation with 
plantperiphyton diversity on natural substrata (r = -0.326) and 
significant positive correlation with zooperiphyton diversity (r = 0.534). 
On wood and glass slide surface, it showed positive correlation with 
plantperiphyton diversity (r = 0.159 and r = 0.041 respectively), 
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whereas on stone surface, it showed negative correlation with 
plantperiphyton diversity (r = -0.241). Temperature showed positive 
correlation with zooperiphyion diversity on wood and stone surface 
(r = 0.113 and r = 0.165 respectively) and negative correlation with 
zooperiphyton diversity on glass slide surface (r = -0.073) (Table-11; 
Fig. 8c). 
Electrical conductivity 
The electrical conductivity is an important factor which gives an 
indication of total salt concentration. The conductivity values are the 
indications of the total ionic composition of the water bodies and, 
therefore, this parameter is used to indicate the trophic status. It is 
also considered as an index of total dissolved solids (Sreenivasan, 
1964). Fresh water bodies in their natural state have very low 
conductivity values. Polluted water showed higher values of 
conductivity (Trivedy et al, 1985). Higher values of conductivity 
during some months might be due to the facts that various dissolved 
substances; nutrients etc. are continuously released into the aquatic 
medium through death and decomposition of aquatic organisms. The 
increase in electrical conductivity is related to the proportion to the 
status of enrichment (Juday and Birge, 1933; VoUenweider and Frei, 
1953). Lower values of conductivity might be attributed to the 
consumption of TDS by the phytoplankton and other aquatic 
organisms present there. 
Conductivity and accumulation of minerals varied considerably 
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depending on the season and on the waterbody (Baijot et al, 1997). 
Electrical conductivity is a common universal variable influencing 
diatoms in temperate and tropical lakes and rivers. The electrical 
conductivity, for example, was the most important variable, 
accounting for 10.8% of the variability of the diatom assemblages in 
Tibet Plateau lakes (Yang et al, 2003). The diatom communities in 
rivers in the United States also were found to be correlated with 
electrical conductivity (Potapova and Charles, 2003). It is suggested 
that diatom assemblages in low conductivity water systems differ from 
those in high conductivity water systems regardless of such factors as 
altitude, geology, hydrology and lake origin (Kilroy et al, 2006). In the 
present study, diatoms constituted abundantly in the periphytic 
community. 
Monthly variations in electrical conductivity for all the three ponds are 
given in Table-1. The values of electrical conductivity varied from 
minimum of 855 |uScm-i to a maximum of 2698 ^Scm-i in all the 
selected waterbodies. In pond I, the values of conductivity varied from 
a minimum of 2050 pScm-i in the month of June, 2007 to a maximum 
of 2698 )uScm-i in the month of January, 2008, whereas in pond II 
values of conductivity fluctuated from a minimum of 956 |aScm"i in 
the month of June, 2007 and August, 2007 to a maximum of 1850 
luScm-i in the month of April, 2008. In pond III, values of conductivity 
varied from a minimum of 855 |uScm-i in the month of March, 2008 to 
a maximum of 1250 juScm-^ in the month of January, 2008. Variation 
in conductivity is an indication of the extent to which the lake 
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circulates nutrients, especially in a nutrient rich lake (Olele and 
Ekelemu, 2007). 
Statistically, electrical conductivity showed significant negative 
correlation with plantperiphyton and zooperiphyton diversity 
(Shannon-Wiener's index of diversity) on natural substrata in pond I 
(r = -0.542 and r = -0.754 respectively). On wood, stone and glass 
slide surface, electrical conductivity showed significant positive 
correlation with plantperiphyton diversity (r = 0.841, r = 0.666 and 
r = 0.189 respectively), whereas with zooperiphyton diversity, it 
showed significant negative correlation on all the three artificial 
substrata (wood; r = -0.805, stone: r = -0.695 and glass slide surface: 
r = -0.665) (Table-U; Fig. 9). Elster and Komarek (2003) have 
observed that the high conductivity had a negative effect on periphyton 
growth on Petrified Forest Lake in maritime Antarctica. 
In pond II, conductivity showed negative correlation with 
plantperiphyton diversity (Shannon-Wiener's index of diversity) on 
natural substrata (r = -0.206) and positive correlation with 
zooperiphyton diversity (r = 0.452). On wood and stone surface, it 
showed positive correlation with plantperiphyton diversity (r = 0.145 
and r = 0.081 respectively) and on glass slide, it showed negative 
correlation with plantperiphyton diversity (r = -0.223), whereas with 
zooperiphyton diversity, it showed positive correlation on all the three 
artificial substrata (wood: r = 0.103, stone: r = 0.221 and glass slide 
surface: r = 0.057) (Table-11; Fig. 9). 
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In pond III, electrical conductivity showed positive correlation with 
plantpertphyton diversity on natural substrata (r = 0.242). With 
zooperiphyton diversity, it showed negative correlation (r = -0.391). 
Conductivity showed negative correlation with plantperiphyton 
diversity on all the three artificial substrata (wood: r = -0.329, stone: 
r = -0.215 and glass,slide surface: r = -0.144) and with zooperiphyton 
diversity it also showed negative correlation on wood and stone 
surface (wood: r = -0.041, stone: r = -0.157) but on glass slide surface, 
it showed positive correlation with zooperiphyton diversity (r = 0.289) 




II. Chemical Limnology 
pH: pH of water is considered to be one of the most important 
chemical factors affecting the productivity of any waterbody. It has 
direct effect on fish and fisheries as well as on the growth and survival 
of other aquatic organisms. pH is a term used rather universally to 
express the intensity of the acid or alkaline condition of a system. pH 
of any aqueous system is suggestive of the acid-base equilibrium 
achieved by various dissolved compounds. In other words, pH is a way 
of expressing the hydrogen ion concentration or more precisely, the 
hydrogen ion activity. In general, pH is influenced directly by the 
carbon dioxide concentration in the water. The carbon dioxide in turn 
regulates photosynthetic and respiratory processes (Tailing, 1976). 
Maintenance of a constant pH in the body fluid at a given 
temperature is one of the important tasks of the regulatory systems 
for homoestasis in aquatic animals (Alabaster and Lloyd, 1984). 
Hence, to achieve good fish production, pH of water should be 
monitored regularly to ensure its optimum range. It is widely accepted 
that the pH between 6.5 and 9.0 supports a good fishery (Das et al., 
2001). pH is generally considered as an index to assess suitability of 
the environment. Webber and Stumm (1963) have concluded that the 
pH of the raw water sources mostly lies within the range between 6.5 
to 8.5. The productive range of pH lies between 7.1 to 8.5 in the 
reservoirs (Sukumaran and Das, 2001). All inland waters in India lie 
in the alkaline range without much variation (Sreenivasan, 1972; 
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Singhal et al, 1986; Ghosh and George, 1989; Shastree et al, 1991 
and Khan etal, 2002). 
Alikunhi (1957) has demonstrated that pH between 6.5 - 8.5 with 
large variations play a pivotal role in the productivity of water. Verma 
and Shukla (1968) believed that alkaline waters support large amount 
of biota. Bell (1971) has stated that pH range between 6.5 - 9.0 
provide an adequate environment for the well being of freshwater fish, 
bottom dwelling invertebrates and fish food organisms. 
In the present study, the pH fluctuated from 7.8 to 9.6 throughout 
the course of study (Table-1). Pond I showed minimum pH (8.0) during 
July, 2007 and maximum pH (9.6) during September, 2007. Pond II 
showed minimum pH (7.8) during September, 2007 and maximum pH 
(9.5) during May, October, and November, 2007. Pond III showed 
minimum pH (8.1) during July, 2007 and maximum (9.3) during 
December, 2007. 
The alkaline pH in all the three waterbodies, under study, confirms 
the earlier reports that most of the freshwaters in Northern India 
showed alkaline pH range (Singhal et al, 1986; Shastree et al, 1991). 
Yusoff and Ambak: (1999) reported that the pH increased with 
increasing photosynthetic activity, as a result of carbon uptake during 
the dry period. 
It is well known that changes in the pH of water bring about changes 
in the structural and functional variations in the organisms of the 
waterbody. According to the classification given by Venkateshwarlu 
(1983) these waterbodies can be placed under Alakliphilous (pH from 
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7.5 to 9.0) and Alkalibiontic (pH above 9.0). 
As recorded in the present study a fall in pH during monsoon months 
was also reported by Shardendu and Ambasht (1988) and Kaushik et 
al. (1989, 1991). Also the cloudy atmosphere reduces the pH 
considerably. 
The reason for high pH during some months may be due to enhanced 
photosynthesis carried out by phytoplankton and macrophytes, 
thereby, removing free CO2 and resulting in the increase of alkalinity 
in all the three ponds, under study. During the same process, 
bicarbonates are converted into carbonates and pH is raised. 
The pH depends on the amount of carbonates of calcium and 
magnesium and carbon dioxide tension in the water. The letter in turn 
influenced by photo synthetic activities of aquatic vegetation and life 
cycles in the pond (Dasgupta, 1993). Low alkalinity and pH values are 
indicators of low mineralization and high humic substances (Vegas-
Villarubia etal, 1988). 
pH with plantperiphyton density on natural substrata, showed positive 
correlation in pond II and pond III, whereas in pond I, showed 
negative correlation (pond I: r = -0.259, pond II: 0.230, pond III: 
r = 0.448). With zooperiphyton, showed negative correlation in pond I 
and III and in pond II, showed positive correlation (pond I: r = -0.369, 
pond II: r = 0.466, pond III: r = -0.280) (TabIe-11; Fig. 1 la). 
On wood surface, pH with plantperiphyton density showed positive 
correlation in all the three ponds (pond I: r = 0.478, pond II: 
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r = 0.424, pond III: r ^ 0.403), whereas with zooperiphyton density 
showed significant negative correlation in pond I and positive 
correlation in pond .II and pond III (pond I: r = -0.689, pond II: 
r = 0.365, pond III: r = 0.309). On stone surface, showed positive 
correlation in all the three ponds (pond I: 0.461, pond II: r = 0.311, 
pond III: r = 0.496), whereas with zooperiphyton density, showed 
significant negative correlation in pond I and positive correlation in 
pond II and pond III (pond I: r = -0.642, pond II: r = 0.384, pond III: 
r = 0.297). On glass slide surface, pH with plantperiphyton density 
showed positive correlation in all the three ponds (pond I: r = 0.355, 
pond II: r = 0.300, pond III: r = 0.346). pH with zooperiphyton showed 
significant negative correlation in pond I and positive correlation in 
pond II and pond III (pond I: r = -0.621, pond II: r = 0.339, pond III: r 
= 0.395) (Table- 11; Fig. 11a). 
Alkalinity: Alkalinity of water, as usually interpreted refers to the 
quantity and quality of compounds present, which collectively shift 
the pH to the alkaline side of neutrality (Wetzel, 1983). Natural waters 
exhibit wide variations in relative acidity and alkalinity, not only in 
actual pH values, but also in the amount of dissolved materials 
producing the acidity or alkalinity. The concentration of these 
compounds and the ratio of one to another determine the actual pH 
and the buffering capacity of given water. The property of alkalinity is 
usually imparted by the presence of bicarbonates, carbonates and 
hydroxides and less frequently in inland waters by borate, silicate and 
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phosphates (Wetzel, 1983). The CO2, HCO3- and COa-equilibrium is a 
major buffering mechanism in freshwaters. Alkalinity is very 
important for aquatic life in freshwater system because it corrects pH 
changes that occur naturally as a result of photo synthetic activity of 
chlorophyll bearing plants. 
Natural water bodies in tropics usually show a wide range of 
fluctuations in total alkalinity depending upon the location, season, 
plankton population, rainfall, washer men's activity and nature of 
bottom deposits etc. The range of alkalinity in Indian waters varied 
from 40 to 1000 mg/L (Jhingran, 1991). Spence (1964) divided south 
Scottish waterbodies into three major categories based on alkalinity: 
(i) Nutrient poor with alkalinity ranging 1.0 to 15.0 mg/L 
(ii) Moderately rich with alkalinity ranging from 16.0 to 60.0 mg/L, 
and 
(iii) Nutrient rich with alkalinity greater than 60.0 mg/L 
The three kinds of alkalinities, hydroxides (OH), monocarbonates 
(CO3"') and bicarbonates (HCO3"), can be distinguished with standard 
acid using phenolphthalein and methyl orange indicators 
successively. Normal carbonate alkalinity may be present with either 
hydroxide or bicarbonate alkalinity, but hydroxide and bicarbonate 
cannot be present together in the same sample (Theroux et al, 1943). 
There may be onl;^ one condition among given five alkalinity 
conditions in the sample. 
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(1) Hydroxides alone, (2) Hydroxides and normal carbonates, 
(3) Normal carbonates alone, (4) Normal carbonates and bicarbonates, 
(5) Bicarbonates alone. 
In all these ponds, fourth condition is found i.e. alkalinity is 
contributed by carbonates and bicarbonates only (Table-1). Total 
alkalinity values ranged between 102 to 775 mg/L in these three 
ponds during the investigated period. In pond I, minimum value 
(102 mg/L) was recorded during July, 2007 and maximum (305 mg/L) 
recorded during November, 2007. Pond II showed minimum 
value (235 mg/L) during September 2007 and maximum (775 mg/L) 
dunng December, 2007, whereas pond III showed minimum (160 
mg/L) during January, 2007 and maximum (268 mg/L) during May, 
2007. 
The factors responsible for higher alkalinity values have been reported 
to be organic pollution, excessive release of soap and detergents 
through cloth washing, bathing and decomposition of organic matter 
in sediments (Hayes and Anthony, 1959). 
In the present study, higher and lower alkalinity values were 
found to be related with the fluctuations in the photo synthetic activity 
of chlorophyll bearing organisms. Total alkalinity, in studied ponds, 
was always found to be greater than 60 mg/L and, thus, they can be 
considered nutrient rich ponds (Spence, 1964). According to Alikunhi 
(1957), all these ponds with total alkalinity greater than 100 mg/L can 
be categorized as highly productive. Stokes (1981) reported a decrease 
ill periphyton biomass when algae were transplanted in to lakes of 
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high acidity. 
Statistically, a positive correlation was obtained between total 
alkalinity and pH in pond I and pond II (pond I: r = 0.407, pond II: 
r = 0.296) and negative correlation was recorded in pond III 
(r = -0.450) (Table-11, Fig. 10). Spence (1964) stated that alkalinity 
and pH are closely connected with an accurate measure of the trophic 
status of lake water. On the basis of assumption, all the three 
waterbodies, under study, are increasing order of eutrophy. Total 
alkalinity showed positive correlation with conductivity in pond I and 
pond II and significant negative correlation in pond III (pond I: 
r = 0.544, pond II: r = 0.460 and pond III: r = -0.624) (Table-11; Fig. 
10). A close relationship between total alkalinity and electrical 
conductivity has been described for many of Africa's inland waters, 
and is believed to be due to predominance of carbonates and 
bicarbonates, among the anions (Kotut et ai, 1999). 
Carbonate alkalinity is invariably found in all waterbodies on 
occasions when free CO2 is absent. It is reported to be absent in many 
freshwater bodies during different times (Ganapati, 1956; Verma, 
1969; Sreenivasan, 1972 and Singhal et al, 1986). The main reason 
for its absence was found to be low photosynthetic rate of 
phytoplankton and green aquatic plants (Jana and Sarkar, 1971; 
Qadri and Yousuf, 1980; Yousuf and Shah, 1988). 
Since CO2 was found to be absent in all the samples collected from 
these waterbodies, carbonates were always recorded in appreciable 
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quantities (Table-1). The monthly values of carbonate alkalinity was 
found to vary from minimum (40 mg/L) during September, 2007 to 
maximum (188 mg/L) during October, 2007 in pond I. In pond 11, 
carbonate alkalinity were found to be absent (zero) during the months 
of September, 2007 and December 2008, and maximum carbonate 
alkalinity values were recorded as 230 mg/L during February, 2008. 
In pond III, minimum carbonate alkalinity was found to be 12.0 mg/L 
during February, 2008 and maximum 28 mg/L during May, 2007. 
The fluctuations in the carbonate and bicarbonate alkalinity were 
mainly due to photosynthetic activity of algae and green plants 
inhabiting the ecosystem. During photosynthesis, bicarbonates are 
broken down and carbonates are released. 
Bicarbonate alkalinity is invariably present in waters in which 
photosynthesis is actively taking place. Bicarbonate alkalinity is the 
main constituent to the total alkalinity (Chourasia and Adoni, 1985). 
Seasonal variations in bicarbonate alkalinity in Indian freshwater 
have been studied by Ganapati (1956), Verma (1969), Zutshi and Vass 
(1978), Bisht and Das (1985), Kaushik et al. (1989, 1990, 1991a, b), 
Haque (1991) and Kaushik and Saksena (1999). All these reports 
showed a bimodal pattern. Gosh and George (1989) have reported that 
all the waterbodies with a pH range of 7.0 to 9.0 always show a vexy 
high bicarbonate concentration. 
Bicarbonate alkalinity was always found in all three ponds (Table-1). 
In pond I, it ranged from 32 mg/L to 227 mg/L being maximum in 
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November, 2007 and minimum in February, 2008, whereas in pond II, 
values varied from 210 to 775 mg/L, being minimum during August, 
2007 and maximum during December, 2007. In pond III values 
ranged from 140 to 240 mg/L, being minimum during January, 2008 
and maximum during May, 2007. The presence of bicarbonate, in 
these waterbodies, indicates that the phytoplankton utilize a 
significant amount of half bound carbon dioxide (bicarbonates) as a 
carbon source when there is no carbon dioxide. Similar observations 
were made by Khan (1969), Parveen (2003), Ganai (2008) and Ansari 
(2009). Increased bicarbonate values during winter season and 
decreased values during summer and monsoon months have been 
reported by Qadri and Yousuf (1980). 
In the present study, bicarbonates were always found to be present in 
excess indicating that carbon dioxide was never become a limiting 
factor for photosynthesis. 
Hardness: Hardness to water is imparted by alkaline earth metal 
cations, mainly calcium and magnesium. Ecologically, temporary 
hardness play a role in buffering capacity, thus neutralizing an offset 
in pH due to addition of acidic products by human activities as in the 
case of pond 1 in the present study where many stains, chemical, dyes 
and detergents are added by the washermen daily. The suitability of 
water for domestic use can be classified based on hardness (Hegde 
and Kale, 1995). 
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Swingle (1967) has reported that hardness less than 5.0 mg/L give 
slow growth and distress and even leads to death. Further, Sawer 
(1960) has classified waters on the basis of hardness into three 
categories, soft with hardness ranging from 0.0 to 75.0 mg/L, 
moderately hard with hardness ranging from 75.0 to 150.0 mg/L and 
hard with hardness ranging from 150.0 to 300.0 mg/L. 
The total hardness is not a specific constituent of water but is a 
variable and complex mixture of cations and anions and is 
predominantly contributed by calcium. Hardness of water is of two 
type viz. temporary hardness and permanent hardness. Temporary 
hardness is due to carbonates and bicarbonates while permanent 
hardness is due to non-carbonates. Hardness prevents leather 
formation with soap and increases boiling point (Trivedy and Goel, 
1984). The anions mainly responsible for hardness are mainly 
bicarbonates, carbonates, sulphates, chlorides, nitrates and silicates 
etc. Multivalent metallic cation calcium (Ca"^ )^ and magnesium (Mg^ +) 
and sometimes iron, zinc, manganese and aluminum which are found 
in smaller amounts, are also responsible for hardness of water. 
Andrews (1972) has classified waterbodies in the following manner: 
(i) Water having hardness from 0.0 to 60.0 mg/L as soft 
(ii) Water having hardness from 61.0 to 120.0 mg/L as 
moderately hard 
(iii) Water having hardness from 121.0 to 180.0 mg/L as very 
hard. 
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Unni (1983) has suggested that total hardness can be used as 
indicator for classifying domestic pollution in water. Deshmukh et al. 
(1964), Shastry et al. (1970) and Zutshi and Khan (1988) recorded 
hardness and concluded that it is subjected to variations. 
Mairs (1966) has found that the hardness and alkalinity are closely 
related to each other. It has been suggested that whenever hardness is 
lower than total alkalinity, it is contributed mainly by bicarbonates. 
Carbonate hardness is more sensitive to heat and precipitates readily 
at high temperature. Like alkalinity, the hardness is also an important 
parameter in decreasing the toxic effect of poisonous elements. 
The total hardness showed wide fluctuations in these waterbodies 
(Table-1). Pond 1 showed minimum value of hardness (153.0 mg/L) 
during March, 2008 and maximum (423.0 mg/L) in the month of 
April, 2008. Pond II showed minimum hardness (90.0 mg/L) in the 
month of December, 2007 and maximum (213.0 mg/L) in the month 
of March, 2008, whereas in pond III, the minimum value of hardness 
(80.0 mg/L) was reported in the month of September, 2007 and 
maximum (115.0 mg/L) during May, 2007. 
Higher concentrations during summer months might be due to 
evaporation of water at high temperature in all the three waterbodies. 
Haque (1991) have also reported higher values during summer. On 
the basis of earlier works of Unni (1983) and Patralekh (1994), it can 
be concluded that high hardness is the general characteristics of 
waterbodies situated in plains. 
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Dissolved solids and gases present in the ponds 
Total dissolved solids (TDS): TDS mainly comprise of inorganic salts 
and organic matter. Generally, carbonates, bicarbonates, chlorides, 
sulphates, nitrates, sodium, potassium, calcium and magnesium etc., 
contribute to total dissolved solids (Trivedy and Goel, 1984). These 
come from natural sources and depend upon location, geological 
nature of the pond basin, drainage, rainfall and inflow water. TDS has 
been proved as a very useful parameter in determining the 
productivity of Inland waters (Welch, 1952 and Hutchinson, 1975). 
Concentration of TDS is also regarded as an important parameter in 
drinking water as well as other water quality standards (Trivedy and 
Goel, 1984). They are also utilized by organisms (Welch, 1952; 
Vaccaro, 1965; Goldman, 1965; Hutchinson, 1975; Goldman and 
Home, 1983; Haque, 1991) and thus make a useful parameter in 
determining productivity of ponds and lakes (Reid, 1961; Hutchinson, 
1975, Wetzel, 1975 and Basheer, 1991). According to Vollenweider 
(1969), TDS probably bear same relationship to nutrient loading as 
standing crop of fishes bears to actual fish production. Kemp (1971) 
has stated in the classification of water regarding their productivity 
that the amount of TDS present in a waterbody is of greater 
importance than their chemical composition. High concentration of 
TDS (near 3000 mg/L) may also produce distress in livestock and 
cattle (Trivedy and Goel, 1984). 
Monthly variations in the values of TDS of all the three ponds are 
given in Table-1. Lowest value of TDS was recorded 184 mg/L in 
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October, 2007 and highest was found to be 400 mg/L in April, 2008 
in pond I. In Pond II and Pond III, the values ranged from 152 mg/L 
during September, 2007 to 618 mg/L during May, 2007 and 145 
mg/L during June, 2007 to 352 mg/L during April, 2008, respectively. 
Higher values were found during summer, monsoon and post 
monsoon months and low during winter months. Higher values during 
summer months might be due to increased decomposition rate and 
release of nutrients from the sediments and increased concentration 
due to higher temperature. High TDS might also be due to mixing of 
sewage and surface runoff water during monsoon season. Similar 
findings have been reported by Kaushik and Saksena (1999). Low 
levels of dissolved solutes impair ionic exchange, which is attributed 
to the underlying solids in an area (Adeniji et al, 1997). 
Dissolved Oxygen (D.O): AH natural waterbodies contain variety of 
dissolved gases. Oxygen is essential to carry out various metabolic 
activities of almost all organisms including higher life (plants and 
animals) on this planet. It directly affects the survival and distribution 
of flora and fauna in an ecosystem (Vijaykumar et al, 1999). Despite 
the fact that all of us'are taking oxygen into our bodies and converting 
it into carbon dioxide (CO2) in the process of respiration to extract 
energy from food, the amount of oxygen in atmosphere remains 
remarkably stable at about 20.95% of the air (Wetzel, 1983). Plants 
play a significant role to return this oxygen back into the atmosphere. 
Plants trap solar energy (sunlight) to produce organic molecules from 
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carbon dioxide and water and oxygen is released as a byproduct, 
during the process of photosynthesis. 
The main source of oxygen in these pond waters, are the absorption of 
this gas from the atmosphere and photo synthetic activities of 
chlorophyll bearing plants. The concentration of dissolved oxygen in 
the pond is reduced by organismal respiration, decomposition of 
organic matter and the release to the atmosphere during summer 
(Welch, 1952). 
Though diffusion of gases into the water is a very slow process, the 
amount of oxygen dissolved in water equilibrated with air, at a given 
temperature and pressure, is greater than nitrogen (Wetzel, 1983) 
because oxygen is more soluble in water than nitrogen. The solubility 
of oxygen is not fixed as it depends upon the oxygen pressure in the 
air, water temperature and dissolved salts present (Mortimer, 1981). 
Solubility of O2 is always greater in freshwater than in salt waters and 
greater in cold waters than in warm waters. As a general rule, the 
more oxygen dissolved in water is an indication of better health and a 
constantly high content allows a waterbody to support more numbers 
and variety of aquatic organisms. George (1961) has mentioned that 
the concentration of 1.4 mg/L oxygen is sufficient to maintain life in 
water. Dissolved oxygen concentration of >5.0 mg/L favours good 
growth of fauna and flora (Das et al, 1995). 
A vast literature exists on the oxygen regime of aquatic ecosystem 
both from tropical and temperate waters. Important works are those of 
Reid (1961), Ruttner (1963), Sreenivasan (1964 and 1991), Edward 
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and RoUey (1965), Hussainy (1967), Hutchinson (1967, 1975), 
Ramamirthan (1968), Michael (1969), Khan and Siddiqui (1971), 
Tandon and Singh (1972), Mathew (1975), Mishra and Yadav (1978), 
Ayyappan and Gupta (1981), Cole (1983), Wetzel (1983), Yousuf and 
Shah (1988), Kaushik et al. (1989, 1991a,b), Prasad (1990), Shukia 
and Bais (1990), Saksena and Mishra (1991), Dutta et al. (1993), 
Anjana and Kanhere (1995), Narendra and Mahmood (1995), Paul and 
Verma (1999), Vijaykumar et al. (1999), Desa et al. (2005), Saloom 
and Duncun (2005), Parushuram and Singh (2007) and Santino et al. 
(2008). 
Monthly variations in dissolved oxygen content of three ponds are 
given in (Table-1). Dissolved oxygen varied from 1.6 mg/L to 20.0 
mg/L in the samples collected from the three ponds. Pond 1 showed 
minimum (1.6 mg/L) concentration in June, 2007 and maximum (9.4 
mg/L) in December, 2007. In Pond II, dissolved oxygen varied from 
minimum (2.8 mg/L) in June, 2007 and maximum (20.0 mg/L) in 
March, 2008. Dissolved oxygen, in Pond III showed minimum (3.8 
mg/L) in June, 2007 and maximum (6.4 mg/L) in December, 2007. 
Comparatively low dissolved oxygen concentration in pond I during 
some months might be due to input of detergents by washermen's 
activity. Non biodegradable detergents cause foaming (Alphones and 
Peterraj, 1987) and thus aeration is not possible and hence waterbody 
exhibit strong reducing property. Similar conclusion was also drawn 
by Alam et al, (1995). Wide variations (2.2-13.5 mg/L) in D.O. content 
have been reported from Indian freshwaters (Haque, 1991; Sinha et 
ai, 1992; Bose and Gorai, 1993; Pathak and Shastree, 1993; Pati and 
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Sahu, 1993; Dash et al, 1993; Patralekh, 1994; Kumar, 1995 and 
Sinha, 2001). 
Fluctuations in dissolved oxygen content are affected by many factors 
like solubility of oxygen in water, intensity of light, loss due to 
chemical and biological oxidation, diffusion and absorption from the 
atmosphere, presence of green aquatic organisms and photosynthesis 
(Wetzel, 1983). Higher values of dissolved oxygen might be attributed 
to intense photosynthetic activity of phytoplankton and other green 
aquatic plants present in these waterbodies and also due to more 
oxygen holding capacity of water at low temperature during winter. 
Higher values of dissolved oxygen in colder months have been 
reported by several workers (Kaushik et al, 1989; Prasad, 1990; 
Kaushik and Saksena, 1999). 
Dissolved oxygen with total plantperiphyton density on natural 
substrata showed positive correlation in pond I and pond III, and 
negative correlation in pond II (pond I: r = 0.531, pond II: r = -0.183, 
pond III: r = 0.461), whereas with zooperiphyton, it showed significant 
negative correlation in pond I, negative correlation in pond III and in 
pond II, it showed positive correlation (pond I: r = -0.605, pond II: 
r = 0.198, pond III: r = -0.215) (TabIe-11; Fig. 12a). 
Dissolved oxygen with total plantperiphyton density on wood surface, 
showed significant positive correlation in pond I and positive in pond 
III, whereas in pond II, it showed negative correlation (pond I: 
r - 0.793, pond II: r = -0.191, pond III: r = 0.264). With zooperiphyton, 
shov/ed negative correlation in pond I and II and positive correlation in 
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pond III (pond I: r = -0.554, pond II: r = -0.006, pond III: r = 0.319). 
On stone surface with plantperiphyton, it showed positive correlation 
in pond I and III and negative correlation in pond II (pond I: r = 0.733, 
pond II: r = -0.059, pond III: r = 0.426), whereas with zooperiphyton it 
showed negative correlation in pond I and pond 11 and positive 
correlation in pond III (pond I: r = -0.362, pond II: r = -0.155, pond III: 
r = 0.263). On glass slide surface, dissolved oxygen with 
plantperiphyton showed significant positive correlation in pond I and 
positive correlation in pond III, whereas in pond II it showed negative 
correlation (pond I: r = 0.701, pond II: r = -0.152, pond III: r = 0.162). 
With zooperiphyton, it showed negative correlation in pond I and pond 
II and positive correlation in pond III (pond I: r = -0.505, pond II: 
r = -0.185, pond III: r = 0.354) (Table-11; Fig. 12a). 
Carbon dioxide: CO2 is one of the most important substances in the 
life of the organisms. This gas is very much necessary for all bacterial 
growth and green plants. The presence of carbon dioxide in the 
environment, gives the opportunity to plants and phytoplankton to 
synthesize their food and produce oxygen, which is basic need for all 
the life forms. Variations in CO2 concentrations may have an adverse 
effect on physiological functions of the biotic lives present in aquatic 
ecosystem (Boyd, 1990). Large amount of the free carbon dioxide, 
available in the ecosystem, is harmful for the animals. An excess of 
dissolved carbon dioxide is usually accompanied by a much reduced 
dissolved oxygen content and other important conditions. Besides, it 
regulates the pH of the water which goes a long way in influencing the 
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mode of biota and their life processes. It is known that carbon dioxide 
content of the water is probably the best single index of the suitability 
of water for fishes. 
There are many sources of CO2 in a water body. They include 
atmospheres CO2, respiration by the organisms and bacterial 
decomposition of organic matter etc. (Kaushik and Saksena, 1999). 
The presence and absence of free CO2 in the surface water is mainly 
governed by its utilization by algae during photosynthesis and also 
through its diffusion from air (Sreenivasan, 1974). Thus free CO2 may 
be present throughout the year (Ganapati, 1956; Verma, 1969; 
Sreenivasan, 1972; and Singhal et at, 1986) or in some samples taken 
in few successive months of a year (Verma and Shukla, 1968; Qadri 
and Yousuf, 1978; Kaushik et al, 1989 and Prasad, 1990) or present 
sporadically (Hussainy, 1967; Bisht and Das, 1985; Shardendu and 
Ambasht, 1988; Kant and Raina, 1990 and Fasihuddin and Kumari, 
1990) or may be absent altogether (Ganapati, 1960; Gaur et al, 1999). 
Ganapati (1960) has reported complete absence of CO2 in certain 
tropical fresh waters. Ali and Khan (1979) and Haque et al. (1988) 
have also reported complete absence of CO2 in tropical fresh waters in 
some seasons. 
In the present study, free carbon dioxide was never recorded in all the 
three ponds, throughout the study period from May, 2007 to April, 
2008. It may be because of the release of free carbon dioxide from the 
water column due to increase in pH and temperature, utilization 
during photosynthesis and due to conversion of free carbon dioxide 
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into bicarbonates by reacting with carbonates. 
Ionic composition of waterbody 
Ionic composition of a waterbody plays a very important role in the 
ecology of freshwater organisms, particularly of phytoplankton 
population as has been emphasized by Lund (1955). Ionic composition 
of the ponds depends mainly on relatively unmodified supply of ions 
from rainwater (Khan, 1969) and drainage (Haque, 1991). 
Anions and cation form the ionic composition of water. All water 
contains both organic and inorganic dissolved solids. The inorganic 
solids, when in solution, consists anions like carbonates, 
bicarbonates, chlorides, sulphates, silicates, phosphates, nitrates, 
nitrites etc. and cations like calcium, magnesium, iron, sodium, 
potassium etc. They combined with each other to form compounds. 
These ions play a very important role in the life of aquatic flora and 
fauna. They have been regarded as an index of productivity (Moyle, 
1949; Northcote and Larkin, 1956; Sarkar and Rai, 1964). A great deal 
of literature exists on ionic composition of temperate waters. 
Important contributions are those of Birge and Juday (1911), Maucha 
(1932), Ohle (1935), Lohammer (1938), Davis (1962) and Harris 
(1967). In Indian torpical waters, Khan and Qayyum (1966), Khan and 
Siddiqui (1974), Khan et al. (1978), Haque (1991), Gaur (1998), Untoo 
(2002), Parveen (2003) and Ansari (2009) have studied in detail the 
ionic composition of freshwater ponds of Aligarh. Further, Munawar 
(1970, 1972), Chakrabarty et al. (1959), Saha et al. (1971), Mathew 
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(1975), Unni (1982), Hedge (1985), Trivedy et al. (1985), Kaushik et al. 
(1989, 1990, 1991a), Shastree et al. (1991), Thrash et al. (1994), Gaur 
et al. (1999), Kumar (1995, 2002), Raju and Durani (1996) and Hosetti 
(2002) have also contributed from different parts of the country. 
Calcium (Ca): Ca is one of the essential cations, found in natural 
waterbodies. It triggers biological productivity (Ohle, 1938). 
Chlorophyllous plants utilize calcium because it a vital macronutrient 
required for proper functioning in the aquatic food chain (Ovie et al; 
2000). The wide variations in calcium content in natural waters lead 
to a noted German limnologist, Ohle (1938), to give following 
classification of waterbodies. 
(i) Water with Ca > 10 mg/L - Poor 
(ii) Water with Ca 10 mg/L - 25 mg/L - medium and 
(iii) Water with Ca > 25 mg/L - rich 
The content of Ca is one of the variables in fresh waters on which 
faunistic differences can be based, as it is required in small quantities 
for phytoplankton growth. 
Monthly fluctuations in calcium content of these waterbodies are 
given in Table-1. Pohd I showed lower concentration during winter 
with minimum (44.08 mg/1) in December, 2007, while higher values 
were observed during summer with maximum (140.00 mg/L) in April, 
2008. The pond II showed highest concentration (85.31 mg/L) in 
March, 2008 and minimum (12.80 mg/L) in September, 2007. Pond III 
showed minimum concentration (36.80 mg/L) during February, 2008 
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and maximum (75.20 mg/L) in May, 2007TT^n5le-l). Increasing 
calcium level during summer in these water bodies is probably due to 
evaporation of water and decomposition of dead aquatic plants and 
animals. Ramanibai and Ravichandran (1987), Kaushik et al. (1991b) 
and Kaushik and Saksena (1999) have reported high calcium content 
during summer in some fresh water bodies. Haque (1991) has also 
reported high calcium content during summer months when 
decomposition was yery high and humidity was very low. The main 
source ol Ca in these waterbodies appears to be terrestrial origin, 
being derived by weathering of calcareous materials and domestic 
effluents entering into these waterbodies from surrounding areas. 
Magnesium (Mg): Mg an important constituent of chlorophyll, was 
found in high quantities in the all the three waterbodies investigated. 
According to Wetzel (1975), Mg is required by both micro and macro 
green algae to build its chlorophyll. It is also required in enzymatic 
transformation, especially transphosphorylations of algae, fungi and 
bacteria. 
Magnesium concentrations showed wide fluctuations in all the three 
ponds (Table-1). In pond I, it varied from 4.09 mg/L to 42.90 mg/L. 
The highest concentration was recorded in the month of February, 
2008 and lowest in the month of November, 2007. In pond II, it varied 
from 5.30 mg/L during January, 2008 to 40.28 mg/L during 
September, 2007. In pond III, the lowest concentration (6.54 mg/L) 
was recorded in the month of September, 2007, and highest 
concentration (16.84 mg/L) was recorded during February, 2008. 
55 
The concentration of Mg in Indian Inland waters ranged from 2.45 to 
107.00 mg/L (Goel et al, 1986; Khatavakar et al, 1995). In the 
present investigations, Mg concentration was found in the range of 
4.09 to 42.90 mg/L (Table-1), which is enough for the planktonic 
growth in these waterbodies. According to Kumar and Gupta (2002), 
decomposition process of plants and animals return magnesium to the 
ecosystem to be used again. It is found in fresh water as magnesium 
carbonate, magnesium bicarbonate and magnesium sulphate. Khan 
and Siddiqui (1974) have observed magnesium content ranging from 
9.9 to 24.6 mg/L with minimum in November and maximum in 
February in a fish pond at Aligarh. 
Some ions are of immense value as macro and micro-nutrients. 
Distribution of these nutrients are not uniform as they undergo cyclic 
changes during which there are periods of delay between the available 
mineralized state and unavoidable bond state (Kemp and Dodds, 
2001). 
Phosphate-phosphorus, nitrate-nitrogen, nitrite-nitrogen, ammonia-
nitrogen and silica are the important nutrients required by the flora 
and fauna of the aquatic ecosystem. Concentration of nitrogen and 
phosphorus is responsible for the eutrophication of freshwater bodies 
(Vollenweider, 1968). According to Likens and Bormann (1972), 
nutrients in a lentic system originate from biological, geological and 
meteorological pathways. According to Ayoade (2000), phosphate and 
nitrate are beneficial for algal productivity. Nitrogen and phosphorus 
transport between stream water and periphyton, function sufficiently 
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rapidly to cover the periphyton requirements for growth (Elster and 
Komarek, 2003). Bottom sediments are generally recognized as 
reservoir of nutrients (Wetzel, 1983). It is well documented that many 
nutrients are required by periphyton for the growth and production 
(Darley, 1982; Lowe, 1996). 
According to Pathak (1997), shallow waterbodies provide better 
circulation of nutrients and in this way nutrients generally do not 
become limiting factor for phytoplankton through regeneration and 
considerable exchange from land water interphase. Under conditions 
of nitrate and phosphate availability, the green algae (chlorophyta) are 
known to proliferate and form noxious bloom in freshwater 
environment (Ayoade, 2000). Inconsistent data, however, exist on the 
relationship between nutrient availability and periphytic algal 
abundance (Vadeboncoeur et al, 2002). Single lake investigations and 
experimental nutrient enrichment arrays of enclosures often find that 
periphyton biomass and production are influenced by the nutrient 
concentration (Cattaneo and Kalff, 1980; Mazumder et al, 1989; 
Vadeboncoeur et al, 2001). By contrast, inter-lake comparisons 
across a natural trophic gradient frequently report no or weak 
correlations between periphyton and phosphorus (Hansson, 1988; 
Lalonde and Downing, 1991; Fairchild and Sherman, 1993). The 
impact of nutrient enrichment and changing pH (mainly acidification) 
are well documented and have been shown to be particularly 
important in structuring aquatic algal communities (e.g., Schindler, 
1977; Hall etal, 1980; Lararek, 1982; Tilman, 1982). 
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There is a vast literature pertaining to importance of nutrients, like 
phosphorus, nitrogen and silica, in the life of aquatic biota including 
those of Ruttner (1963), Vaccaro (1965), Zafar (1967), Hynes and 
Grieb (1970), Ryther and Dunstan (1971), Khan and Siddiqui (1974), 
Hutchinson (1975), Zutshi and Vass (1978), Chourasia and Adoni 
(1985), Singhal et al. (1986), Schindler (1987), Hecky and Kilham 
(1988), Kaushik et al (1989 and 1990), Molot and Dillon (1991), Egge 
and Aksenes (1992), Conley et al. (1993), Righler and Peters (1995), 
Keddy and Eraser (2000), Dodds and Welch (2000), Biggs (2000), 
Kemp and Dodds (2001), Kumar (2002), Hosetti (2002), Vadelconcoeur 
et al. (2003), Kohler et al. (2005), Moss et al. (2005), Phillip et al 
(2005), Leavitt et al (2006), Martin et al (2006), Pai-veen et al (2007a) 
and Elliot and May (2008). • 
Phosphate-Phosphorus {PO4-P): Phosphorus is necessary to all life 
forms mainly for the storage and transfer of cell's energy and in 
genetic systems (Cole, 1983). Welch (1952) and Goldman and Home 
(1983) believed it to be a critical limiting factor for biological 
productivity. The sources of phosphorus in natural waters are 
weathering of phosphorus bearing rocks, leaching of soil from 
catchment area during the rainy season, cattle's dung and night soils 
(Jhingran, 1991). Phosphates are released as a result of 
decomposition of phosphate rich detritus. Concentration is mainly 
dependent upon the external sources, like surface runoff, atmospheric 
input, ground water ,and internal process, like phytoplankton uptake 
(sediment release, recycling by heterotrophs etc.) (Hutchinson, 1975). 
Atmospheric input has been recognized as a major source of 
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phosphorus in many lakes located on underdeveloped lands with 
small catchment areas (Righler and Peters, 1995). 
According to Mackereth (1953), excess amount over the required 
phosphorus is stored in phytoplankton and become particulate 
phosphorus. This particulate phosphorus, after the decomposition, is 
converted into dissolved organic phosphorus which later is 
transformed into inorganic state after mineralization. Inorganic 
phosphorus plays a dynamic role in aquatic ecosystems and it is one 
of the most important nutrients when present in low concentration, 
but in excess along with nitrates and potassium, causes algal blooms 
(Ramachandra et al; 2002). Main supplies of phosphate in these ponds 
are drainage, sewage effluents, domestic wastes, along with surface 
run- off from the surrounding field and cattle's dung. Phosphate is 
also a constituent of animal wastes and may be incorporated into the 
soil in grazing and feeding habitats. 
Monthly variations in the values of phosphate - phosphorus of all the 
three ponds are given in Table-1. Values of PO4-P in pond I ranged 
from 0.430mg/L in August, 2007 to 1.245 mg/L in March, 2008, 
whereas in pond II, it varied from 0.580 mg/L, February, 2008 to 
maximum value of 0.908 mg/L in May, 2007 and in pond 111, the 
values of PO4-P showed a range from maximum (0.702 mg/L) in May, 
2008) to minimum (0.150 mg/L) in March, 2008. 
The higher values of phosphorus during summer were attributed to 
high rate of evaporation and decrease in water level leading to 
increase in concentration. It could also be related to decomposition of 
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nutrients at high temperature during summer. Chaourasia and Adoni, 
(1985), Kant and Raina (1990), Prasad (1990) and Ganai (2008) have 
also reported higher concentration during summer months and have 
given similar reasons. 
Low values during winter and some other months might be due to 
several factors such as its utilization by macrophytes and algae for 
their growth, low calcium level and low water temperature as reported 
by Khan and Siddiqui (1974) and Kaushik et al. (1989). The 
phosphorus level in water is also governed by a number of physico-
chemical and metabolic factors. According to Pomeroy et al. (1965), 
the phosphate -phosphorus content more than 2 mg/L in open waters 
gives a sign of organic pollution. 
Statistical analysis was also carried out to fmd out the correlation of 
phosphate-phosphorus with plantperiphyton and zooperiphyton 
population density on natural and artificial substrata. PO4-P with 
plantperiphyton density on natural substrata showed positive 
correlation in pond I and pond III, whereas in pond II, showed 
negative correlation (pond I: r = 0.201, pond II: r = -0.530, pond III: 
r = 0.026). With zooperiphyton density, showed positive correlation in 
pond I and negative correlation in pond II and pond III (pond I: 
r = 0.363, pond II: r = -0.534, pond III: r = -0.105) (Table-11; Fig. 13a). 
PO4-P with plantperiphyton density on wood surface showed positive 
correlation in pond II and pond III, whereas in pond I showed negative 
correlation (pond I: r = -0.306, pond II: r = 0.171, pond III: r = 0.151), 
with zooperiphyton density, showed positive correlation in pond I and 
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pond III and negative correlation in pond II (pond I: r = 0.415, pond II: 
r = -0.008, pond ill: r = 0.059). On stone surface, PO4-P with 
plantperiphyton density showed negative correlation in pond I and 
positive correlation in pond 11 and pond III (Pond 1: r = -0.385, pond 11: 
r = 0.173, pond III:, r = 0.241). PO4-P with zooperiphyton density, 
showed positive correlation in pond I and pond III and negative 
correlation in pond II (pond 1: r = 0.503, pond II: r = -0.012, pond III: 
r = 0.142). PO4-P with plantperiphyton density on glass slide surface 
showed positive correlation in pond II and pond III, whereas in pond I, 
showed negative correlation (pond I: r = -0.386, pond 11: r = 0.364, 
pond III: r = 0.556). With zooperiphyton density showed positive 
correlation in all the three ponds (pond 1: r = 0.158, pond 11: r = 0.104, 
pond III: r = 0.043) (Table-11; Fig. 13a). 
Nitrogen is formed when complex organic matter is broken down into 
simple forms by bacterial decomposition. Proteins are broken down 
into amino acids which further are reduced to ammonia -nitrogen. If 
oxygen is present then ammonia is oxidized to nitrite (NO2) and then 
to nitrate (NO3) under the action of nitrifying bacteria like 
nitrosomonas and nitrobacter. According to Kumar (1997), nitrogen is 
highly mobile nutrient and has a complex nutrient cycle in terrestrial 
and aquatic ecosystepis. Nitrogen enrichment causes algal growth and 
ultimately good aquaculture yield. Nitrogen is supplied from artificial 
and natural diets in aquaculture. Nitrogen to phosphorus ratio 
influences phytoplankton structure and biomass (Molot and Dillon, 
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1991). According to Mohanty (2000), excess enrichment causes 
overproduction (eutrophication) which alters the hydrology and 
ultimately affects the ecologically sensitive fauna and lessens the 
biodiversity. 
Nitrate- nitrogen (NO3-N) - According to Parida et al. (1999), nitrate is 
the most stable form of nitrogen. It is the main source of nitrogen and 
regarded as an important nutrient for productivity of fresh water body. 
It is considered as a limiting factor in the development of 
phytoplankton and is a nutritive substance necessary for the 
production of chlorophyll (Welch, 1952; Wetzel, 1975; Goldman and 
Home, 1983 and Kumar, 1997). Values of NO3-N are generally low in 
unpolluted freshwater bodies than the polluted ones. Barg (1992) 
opined that nitrogen pollution not only alters the water quality but 
also influences the primary productivity, growth of aquatic weeds, 
benthos, epiphytes and toxic algae. According to Mohanty (2000), a 
part of unutilized nitrogen is also lost in the sediments, which alters 
the soil nutrient status and benthic community. 
The monthly variations in the NO3-N for all the three ponds under 
study are given in Table-1. Pond I showed minimum value of 0.099 
mg/L in the month of February, 2008 and maximum of 0.188 mg/L in 
the month of March, 2008. Pond II showed variation from 0.083 mg/L 
in January, 2008 to 0.583 mg/L in June, 2007, whereas in pond III, 
the NO3-N showed a range from maximum (0.130 mg/L) in the month 
of May, 2007 to minimum (0.075 mg/L) in November, 2007 and 
February, 2008. 
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In the present study, the higher values of NO3-N during summer and 
autumn might be attributed to increased rate of decomposition of 
organic matter at high temperature and entry of nitrogen fertilizers 
from the catchment areas besides input of faecal matter. The higher 
values during the investigation period could also be attributed to the 
slow nitrification process as NO3-N is the end product of nitrification. 
Statistically, NO3-N with plantperiphyton density on natural 
substrata, showed negative correlation in pond I and positive 
correlation in pond II and pond III (pond I: r = -0.371, pond II: 
r = 0.507, pond III: r = 0.198). With zooperiphyton density, showed 
significant positive correlation in pond II and positive correlation in 
pond III, whereas in pond I, showed negative correlation (pond I: 
r = -0.033, pond II: r = 0.631, pond 111: r = 0.452). On wood surface, 
NO3-N with plantperiphyton density showed negative correlation in 
pond II and pond III and positive correlation in pond I: r = 0.003, pond 
II: r = -0.170, pond III: r = -0.149). With zooperiphyton density, showed 
negative correlation in pond I and pond II and positive correlation in 
pond III (Pond I: r = -0.502, pond II: r = -0.042, pond III: r = 0.184). 
On stone surface, NO3-N with plantperiphyton density showed positive 
correlation in pond I and negative correlation in pond II and pond III 
(Pond I: r = 0.109, pond II: r = -0.243, pond III: r = -0.135). With 
zooperiphyton density, showed negative correlation in pond 1 and pond 
II and positive correlation in pond III (pond I: r = -0.472, pond II: 
r = -0.064, pond III; r = 0.270). NO3-N with plantperiphyton density on 
glass slide surface showed negative correlation in all the three ponds 
(Pond I: r = -0.367, pond II: r = -0.393, pond III: r - -0.044), whereas 
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with zooperiphyton density, it showed negative correlation in pond I 
and pond II and positive correlation in pond III (Pond I: r = -0.445, 
pond 11: r = -0.130, pond 111: r = 0.336) (Table-11; Fig.-14a). 
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I l l LIMNOBIOLOGY 
III. Limnobiology 
All natural waters contain a variety of organisms, both plants and 
animals as natural fauna and flora (Kumar and Gupta, 2002). 
Biological organisms are diagnostic in determining the health of an 
aquatic ecosystem (Loeb, 1994). Aquatic organisms react to the 
totality of the inputs both, in terms of the variety of chemicals present 
and the range of their concentrations (Vass, 2000). It is evident that 
the requirement of biological species and communities is nearly as 
complex as those of taxonomically higher organisms and that 
disruption of these communities by pollution can affect the entire 
aquatic food web (Pai, 2002). Fresh water habitats present a 
wonderful picture of thousands of living organisms ranging from 
microscopic chemosynthetic bacteria, saprophytic fungi, micro and 
macro invertebrates, algae and higher aquatic plants. These 
organisms eat together, live together and struggle together in a 
balanced habitat forming various unique communities. These 
communities are named as Plankton, Neuston, Nekton, Pleuston, 
Periphyton, Benthos etc. Ecosystems are characterized by complex 
interactions between abiotic components of water and inhabitant 
living biological organisms. 
Periphyton are generally dominated by photosynthetic organisms 
which may be unicellular, colonial or filamentous species from a 
variety of pro and eukaryotic phyla. Periphyton includes 
plantperiphyton and zooperiphyton. 
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Occurrence of seasonal qualitative and quantitative fluctuations in the 
periphyton populations in temperate as well as tropical climates is a 
common phenomenon. 
Monthly variations in the values of population densities of 
plantperiphyton, zooperiphyton and their various groups in three 
waterbodies are presented in Tables (2a, 2b, 2c, 3a, 3b, 3c, 4a, 4b, 4c, 
5a, 5b 85 5c). Monthly variations oi plantperiphyton population density 
(No./cm2) on natural and artificial substrata in all the three ponds are 
depicted in Fig. 5a, 5b, 5c & 5d., whereas zooperiphyton population 
density (No./cm^) variations on both natural and artificial substrata 
are depicted in Fig. 6a, 6b, 6c 85 6d. 
The periphyton population collected from natural and artificial 
substrata showed wide fluctuations in their abundance and 
distribution in all the three ponds. In pond I total periphyton 
population collected from the natural substrata showed a maximum 
concentration (1253 No./cm2) in the month of January, 2008 and 
minimum (624 No./cm2) in the month of September, 2007, whereas 
the total periphyton population collected from the artificial substrata 
showed a different trend of monthly variations. The periphyton 
collected from three types of artificial substrata i.e. from wood surface, 
stone surface and glass slide surface showed wide fluctuations in their 
values (Table- 2a, 3a, 4a & 5a). The periphyton collected from the 
wood surface showed highest number of periphyton (473 No./cm2) in 
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January, 2008 and the lowest value oi periphyton (225 No./cm^) was 
observed in the month of March, 2008. On stone surface the 
periphyton population varied from minimum (109 No./cm^) in 
September, 2007 to maximum (230 No./cm^) in the month of 
November, 2007, whereas the periphyton population found on glass 
slide surface, showed a range from maximum (141 No./cm^) in 
December, 2007 to minimum (46 No./ cm^) in the month of March, 
2008. The percent composition of different genera in total periphyton 
population on natural and artificial substrata in pond I are given in 
Fig. la, 2a, 3a 8s 4a. 
The total periphyton population collected from the natural substrata in 
pond II, showed wide fluctuations in monthly values (Table- 2b, 3b, 4b 
8s 5b). It showed a peak (1441 No./cm^) in June,2007 and then 
started decreasing in the following months till the month of October, 
2007 with its minimum value 772 No./cm^ in the month of 
September, 2007. It again started increasing till the month of 
February, 2008. The total periphyton population also showed variation 
in monthly values on artificial substrata. On the wood surface the 
periphyton population was found to be highest (856 No./cm^) in 
January, 2008 and lowest (279 No./cm^) in the month of March, 
2008. Periphyton population found on the stone surface was found to 
vary from minimum (122 No./cm2) in April, 2008 to a maximum (420 
No./cm2) in the month of January, 2008, whereas glass slide surface 
showed a peak of periphyton population (314 No./cm^) in January, 
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2008 and the lowest value (70 No./cm2) of periphyton was found in the 
month of March, 2008. The percent composition of different genera in 
total periphyton population on natural and artificial substrata in pond 
II are given in Fig. lb, 2b, 3b 8E 4b. 
In pond III, the total periphyton population on natural substrata was 
found to fluctuate in different months (Table- 2c, 3c, 4c 85 5c). It 
showed maximum value (664 No./cm^) in December, 2007 and 
minimum (382 No./cm^) in the month of September, 2007. The 
periphyton population collected from the wood surface was found to be 
maximum (599 No./cm^) in May, 2007 and minimum (126 No./cm^) 
was found in the month of March, 2008. On stone surface, the 
periphyton population was found maximum (280 No./cm^) in the 
month of May, 2007 and the minimum (80 No./cm^) in the month of 
March, 2008. The total periphyton collected from the glass slide 
surface showed its maximum value (158 No./cm^) in December, 2007 
and the minimum (55 No./cm^) in the month of March, 2008. The 
percent composition of different genera in total periphyton population 
on natural and artificial substrata in pond III are given in Fig. Ic, 2c, 
3c 85 4c. The periphytic communities habitually include various 
species that all respond uniquely to changes in the environment, 
which consequently further blurs the interpretation of the regulation 
at the community level (Biggs et ah, 1998). Increased shading by 
phytoplankton reduces the periphytic production (Liboriussen, 2002). 
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The total periphyton population both on natural and artificial 
substrata was found higher in pond I and pond II while in pond III it 
was not so much high. Vymazal and Richardson (1995) and Biggs and 
Smith (2002) reported that taxonomic diversity and abundance of 
periphyton depend on a range of factors such as habitat and substrate 
types. Their diversity and abundance also depend on light intensity 
(Maltais and Vincent, 1997), grazing pressure (Munoz et al, 2000), 
seasonality (Goldborough and Robinson, 1985), nutrient availability 
(Vander- Grinteh et al., 2004) and physical disturbances (Blenkinsopp 
and Lock, 1994). In streams and rivers, the effects of current velocity 
and sediment movement are important as limiting factors on 
periphyton biomass (Homer and Welch, 1981; Biggs et al, 1999). 
Higgins and Hann (1995) have indicated that overgrazing of the 
periphyton community causes considerable reduction in both biomass 
and productivity of periphyton algae. Although grazing by benthic 
invertebrates can play a major role in controlling periphyton biomass 
and production (Cukes, 1983; Hunter, 1980). The grazing effect on 
periphyton by gastropods has been reported (Hunter, 1980) to 




In t±ie present study, the periphytic communities are represented by 
following groups of organisms: 
Bacillariophyceae (diatoms): The important group of plantperiphyton 
is the Bacillariophyceae. Most species are sessile and associated with 
littoral substrata. They are either unicellular or colonial forms (Wetzel, 
1983). They, being important members of freshwater plantperiphyton, 
are always present in significant numbers. They have been divided 
into centric and pinnate diatoms on the basis of their symmetry and 
structures (Hutchinson, 1967). According to Werner (1977), diatoms 
contribute about 20-25% of the net primary productivity on the earth 
which is 1.4 x 10^ "* kg dry weight/year. 
Diatoms are sensitive to various physico-chemical conditions, and 
there exists a considerable amount of literature describing the types of 
environment they inhabit. The important contributions on the study of 
diatoms include those of Round (1966), Zafar (1967), Palmer (1969), 
Patrick (1977), Kamat (1981), Nautiyal (1984), Haque (1991), Gaur 
(1999), Hosmani (2002) and many others. 
It has been recognized that the diatoms constitute a major portion of 
the plantperiphyton. They are more easily identified to the species level 
than many other algae and differ in their environmental requirements. 
They are especially useful as indicators of water quality (Patrick, 
1971, 1973). 
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Much of the data on the ecology of the diatoms is widely scattered in 
the literature and largely inaccessible. To enhance the usefulness of 
these algae as water quality indicators, Lowe (1974) has compiled and 
summarized ecological data on the common freshwater species. 
Earlier, Abbott and Landinghaus (1972) have also collected 
information on the parameters like pH, nutrients, salinity, organic 
pollution tolerance (saprobity), current, general habitat, specific 
habitat, seasonal distribution, temperature, and geographical 
distribution. 
In the present study, this group was represented by the genera, 
namely Achnanthes, Amphora, Asterionella, Cocconeis, Cyclotella, 
Cymbella, Gyrosigma, Diatoma, Eunotia, FrustuUa, Fragilaria, 
Gomphonema, Melosira, Navicula, Nitzschia, Pinnularia, Stauroneis, 
Synedra and Tabellaria both on natural and artificial substrata in all 
the three ponds. Monthly distribution of these genera in all the three 
ponds on both natural and artificial substrata is given in Tables (2a, 
2b, 2c, 4a, 4b fit 4c). Total diatom population ranged from 193 
No./cm2 (April, 2008) to 654 No./cm2 (December, 2007) in pond I on 
natural substrata. In pond II, it ranged from minimum (260 No./ cm^) 
in April, 2008 to maximum (654 No./cm^) in December, 2007 on 
natural substrata, whereas in pond III on natural substrata it ranged 
from minimum (115 No./cm^)) in July, 2007 to maximum (238 
No./cm2) in December, 2007. On wood surface, the density of diatom, 
in pond I ranged from minimum (96 No./cm^) in April, 2008 to 
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maximum (239 No./cm^) in January, 2008. On stone, it ranged from 
minimum (41 No./cm^) in May, 2007 to maximum (126 No./cm2) in 
November, 2007 and on glass slide surface it ranged from minimum 
(26 No./cm2) in March, 2008 to maximum (90 No./cm^) in December, 
2008. In pond II, on wood surface, the number of diatom ranged from 
minimum (143 No./cm^) in March, 2008 to maximum (394 No./cm2) 
in January, 2008. On stone surface, its density ranged from minimum 
(62 No./cm2) in April, 2008 to maximum (174 No./cm^) in January, 
2008 and on glass slide surface diatom population ranged from 
minimum (36 No./cm^) in September, 2007 to maximum (142 
No./cm2) in January, 2008. In pond III, on wood surface, its 
population ranged from minimum (62 No./cm^) in March, 2008 to 
maximum (165 No./cm^) in December, 2007 and August, 2007. On 
stone surface, bacillariophyceae population ranged from minimum 
(51 No./cm2) in March, 2008 to maximum (115 No./cm^) in 
September, 2007 and on glass slide surface its density ranged from 
minimum (30 No./cm^) in March, 2008 to maximum (94 No./cm^) in 
September, 2007. In all the three ponds, both on artificial and natural 
substrata, diatom population was found dominant in winter months 
and its density was always found least in numbers during summer 
months. In the present study, the abundance of diatoms in colder 
months is due to the fact that they are able to grow in conditions of 
weak light and low temperature which are less suitable for other 
algae. Similar results were also observed by Gons (1982), Cattaneo 
(1987), Burkholder and Wetzel (1989) and King et al. (2002). 
72 
Water temperature with bacillariophyceae on natural substrata, 
showed significant negative correlation in pond I and pond II and 
negative correlation in pond III (pond I: r = -0.576, pond II: r = -0.582, 
pond III: r = -0.452). On wood surface, water temperature with 
bacillariophyceae showed significant negative correlation in pond I 
and pond II and negative correlation in pond III (pond I: r = -0.590, 
pond II : r = -0.672, pond III: r = -0.042). On stone surface, it showed 
strong negative correlation in pond II and negative correlation in pond 
I and pond III (Pond I: r = -0.395, pond II: r = -0.716, pond III: 
r = -0.094). On glass slide surface, it showed strong negative 
correlation in pond II and negative correlation in pond I and pond III 
(pond I: r = -0.540, pond II: r = -0.740, pond III: r = -0.033) (Table- 11; 
Fig. 8e). 
Cyclotella sp. : Cells are single, girdle side not sculptured and 
without spine (Needham and Needham, 1962) (PLATE-I). This species 
was always recorded in all the three ponds both on natural and 
artificial substrata (Tables- 2a, 2b, 2c, 4a, 4b, and 4c). On natural 
substrata in all the three ponds its maximum density was recorded in 
Pond I (75 No./cm2) in November, 2007 and minimum density 
(5 No./cm2) was recorded oftenly in all the three ponds in several 
months during the investigated period, whereas on artificial substrata 
(wood, stone and glass slide surface) its maximum density 
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(27 No./cm2) was recorded on wood surface in pond I in January, 
2008 and during August, 2007 in pond II. 
Amphora sp.: Its valves are convex (Needham and Needham, 1962) 
(PLATE-I). It was more or less uniformly distributed in all the three 
ponds both on natural and artificial substrata. Its density in all the 
three waterbodies on both natural and artificial substrata has been 
shown in Tables (2a, 2b, 2c, 4a, 4b, 85 4c). Amphora sp. was recorded 
maximum (59 No./cm^) in Pond II in December, 2007 among all the 
three ponds on natural substrata, whereas its maximum density (48 
No./cm2) on artificial substrata was recorded in Pond II on wood 
surface in January, 2008. 
Diatoma sp.: Valves are with transverse ribs (Needham and 
Needham, 1962) (PLATE-I). It was always recorded dominating in all 
the three ponds on both natural and artificial substrata (Tables 2a, 
2b, 2c, 4a, 4b 85 4c). Maximum density (155 No./cm^) of diatoma sp. 
on natural substrata was recorded in pond I in January, 2008, 
whereas on artificial substrata, its maximum density (80 No./cm^) 
was recorded on wood surface in pond II, in January, 2008. 
Eunotia sp. : Cells have pseudoraphe and central nodule not evident 
(Needham and Needham, 1962) (PLATE-III). It was uneven both in 
density and distribution during the study period (Tables- 2a, 2b, 2c, 
4a, 4b 85 4c). The species showed its maximum density (43 No./cm^) 
in January, 2008 in pond I on natural substrata, whereas on artificial 
substrata, its maximum density (16 No./cm^) was recorded on wood 
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and glass slide surface in pond 1 and pond II in several months during 
the study period. 
Navicula sp. : Cells are straight in girdle view (Needham and 
Needham, 1962) (PLATE-I). It was found uniformly distributed on 
natural substrata in all the three ponds (Tables- 2a, 2b, 2c, 4a, 4b 85 
4c). On artificial substrata, it was not found uniformly. Navicula sp. 
showed its maximum density (75 No./cm^) in November, 2007 in Pond 
I on natural substrata, whereas it was recorded maximum in density 
(48 No./cm2) on wood surface in pond II in August, 2007 and 
January, 2008. 
Nitzschia sp. : Its axis is lateral, less often mediate and punctate 
(Needham and Needham, 1962) (PLATE-I). It was found to be present 
on both natural and artificial substrata in all the three ponds (Tables-
2a, 2b, 2c, 4a, 4b 85 4c). Its maximum number (27 No./cm2) was 
recorded in pond I in November, 2007 on natural substrata, whereas 
on artificial substrata, its highest number (27 No./cm^) was recorded 
on glass slide surface in pond I in August, 2007. 
Cocconeis sp. : Cells have valve with a raphe (Needham and 
Needham, 1962) (PLATE-III). It had uneven distribution in density on 
both natural and artificial substrata (Tables- 2a, 2b, 2c, 4a, 4b 85 4c). 
On natural substrata, highest population density (32 No./cm^) of 
cocconeis species was recorded during summer and winter months in 
pond I and pond II, whereas on artificial substrata, its maximum 
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density (21 No./cm^) was noted on wood surface during July, 2007 in 
pond III. 
Synedra sp. : Cells are single or forming fan like clusters (Needham 
and Needham, 1962) (PLATE-I). Synedra sp. was recorded maximum 
in density (10 No./cm^) in December, 2007 on natural substrata in 
pond I, whereas among all the artificial substrata, wood surface 
showed its maximum density (27 No./cm^) in three consecutive 
months of November and December, 2007 and January, 2008 in 
pond II (Tables- 2a, 2b, 2c, 4a, 4b & 4c). 
Fragilaria sp. : Cells are in filament or zig-zag chains and valves are 
flat (Needham and Needham, 1962) (PLATE-Il). It was irregularly 
distributed in all the three ponds on both natural and artificial 
substrata (Tables- 2a, 2b, 2c, 4a, 4b & 4c). Fragilaria sp. showed its 
maximum density (27 No./cm^) on natural substrata in Pond I during 
the months of December, 2007 and February, 2008 and in pond 11 
same density was found during July, 2007 and January, 2008. On 
artificial substrata its maximum density (16 No./cm^) was observed 
on wood surface in pond II in the months of June, 2007, December, 
2007 and January, 2008. 
Gomphonema sp. : Its valves are longitudinally symmetrical and 
cells are straight in girdle view (Needham and Needham, 1962) 
(PLATE-II). It was more or less uniformly distributed throughout the 
year in all the three ponds on both natural and artificial substrata 
(Tables- 2a, 2b, 2c, 4a, 4b 85 4c). Gomphonema sp. was recorded 
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maximum in density (48 No./cm^) on natural substrata in pond I in 
January, 2008, whereas on artificial substrata, it showed its 
maximum number (27 No./cm^) on wood surface in pond II in 
January, 2008 among all the artificial substrata. 
Melosira sp. : Cells form filament. Its girdle is sculptured and valve 
uniformly marked (Needham and Needham, 1962) (PLATE-II). It was 
only recorded on natural substrata whereas on artificial substrata it 
was totally absent throughout the year (Table-2a, 2b, 2c). On natural 
substrata, it showed its maximum number (21 No./cm2) in pond I 
(November, 2007), and its minimum number (5 no/cm^) was recorded 
in all the three ponds during different months of study period. 
FrustuUa sp. : Cells are straight in girdle view (Needham and 
Needham, 1962) (PLATE-II). FrustuUa sp. was recorded on both 
natural and artificial substrata in all the three ponds. In comparison 
to natural substrata, it was lesser in distribution on artificial 
substrata (Tables- 2a, 2b, 2c, 4a, 4b & 4c). The maximum density of 
FrustuUa sp., (32 No./cm^) recorded on natural substrata in pond I in 
the months of October, 2007 and January, 2008, whereas on artificial 
substrata, it showed its maximum density (27 No./cm^) during 
January, 2008 and February, 2008 on wood surface in pond II. 
Achnanthes sp. ; Cells are curved and only one value with a raphe 
(Needham and Needham, 1962) (PLATE-IIl). It was found regular in its 
distribution in all the three ponds both on natural and artificial 
substrata (Tables- 2a, 2b, 2c, 4a, 4b Ss 4c). The maximum density (37 
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No./cm2) of this sp. on natural substrata was recorded in June, 2007 
in pond II, whereas on artificial substrata, wood surface showed its 
maximum density (21 No./cm^) in July, 2007 and March, 2008 and in 
pond II and stone surface showed its maximum number (21 No./cm^) 
in the month of October, 2007 in same pond. 
Gyrosigma sp. : Raphe strongly sigmoid (Needham and Needham, 
1962) (PLATE-II). It was found uneven in distribution throughout the 
year in all the three ponds (Tables- 2a, 2b, 2c, 4a, 4b 85 4c). Its 
maximum density (37 No./cm^) on natural substrata, was observed in 
pond I in January, 2008, whereas on artificial substrata, maximum 
density (27 No./cm^) was found on wood surface in pond II in 
December, 2007 and February, 2008. 
Pinnularia sp. : Cells are straight in girdle view (Needham and 
Needham, 1962) (PLATE-III). It was abundantly found both on natural 
and artificial substrata in all the three ponds (Tables- 2a, 2b, 2c, 4a, 
4b 86 4c). The maximum density (107 No./cm^) of Pinnularia sp. was 
noted during December, 2007 in pond I on natural substrata, whereas 
on artificial substrata, wood surface showed its maximum density (37 
No./cm2) in January, 2008 in pond II. 
Stauroneis sp. : Cells are straight in girdle view (Needham and 
Needham, 1962) (PLATE- II). Stauroneis sp. was always present on 
natural substrata throughout the year in all the three ponds, whereas 
on stone and glass slide surface it was rarely found in all the three 
ponds (Tables- 2a, 2b, 2c, 4a, 4b 8& 4c). Its maximum density (32 
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No./cm^) was noted highest on natural substrata during December, 
2007 in pond I, whereas on artificial substrata, its maximum density 
(11 No./cm2) was recorded on wood and stone surface during 
November, 2007 on wood surface and during February, 2008 on stone 
surface in pond II. 
Tabellaria sp. : Its valves are finely and transversely striate and 
pseudoraphe is absent (Needham and Needham, 1962) (PLATE- III). 
Tabellaria sp. was always found abundantly on natural substrata in 
pond 1 and pond II, whereas in pond III, its distribution was uneven or 
irregular. In pond III, Tabellaria sp. was found totally absent on all the 
three artificial substrata in the months of June , July, August and 
October, 2007 and March, 2008. Maximum number of Tabellaria sp. 
(37 no./cm2) on natural substrata was recorded in pond II during 
January, 2008, whereas among artificial substrata, stone surface 
showed its maximum number (21 No./cm^) in pond II during March, 
2008 (Tables- 2a, 2b, 2c, 4a, 4b 85 4c). 
Asterionella sp. : Valves are without transverse ribs and cells are 
arranged radially (Needham and Needham, 1962) (PLATE-I). It was 
found regular in distribution on natural substrata in all the three 
ponds (Tables- 2a, 2b, 2c, 4a, 4b 85 4c). On natural substrata, its 
highest density (32 No./cm2) was noted during November, 2007 in 
pond I and during December, 2007 and January, 2008 in pond II. On 
artificial substrata, Asterionella sp. showed its highest density (27 
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No./cm^) in October, 2007 on stone surface in pond II. This species 
was found in lesser density in pond III. 
Cymbella sp. : Cells are without transverse ribs and its valves are flat 
(Needham and Needham, 1962) (PLATE-III). Its distribution was noted 
uneven in all the three ponds on both natural and artificial substrata 
(Tables- 2a, 2b, 2c, 4a, 4b 85 4c). The maximum density (16 No./cm2) 
of Cymbella sp. was noted in pond II and pond 111 during the months 
of July, 2007 and May, 2007 respectively. On artificial substrata, its 
highest density (21 No./cm^) was recorded on wood surface during 
July, 2007 in pond III. In winter months it was found totally absent on 
all the three artificial substrata in pond I. 
Chlorophyceae : is an extremely large and morphologically diverse 
group of algae, and is almost freshwater in distribution (Wetzel, 1983). 
In freshwaters, Chlorophyceae constitutes the major group of 
phytoplankton. They come in wide variety of shapes and forms, 
including free swimming unicellular species, colonial forms, non 
flagellate unicellular and filamentous forms. 
In the present investigation, this group was represented by the genera 
Actinastrum sp., Ankistrodesmus sp., Chlorella sp., Coelastnim sp., 
Crucigenia sp., Hormidium sp, Kircheneriella sp., Microspora sp., 
Oedogonium sp., Pediastrum sp., Pedinomonas minor, Palmella sp., 
Protococcus sp., Scendesmus sp., Selenastrum sp., Spirogyra sp., 
Sphaeroplea sp, Tetraspom sp., Ulothrix sp., Volvox sp. and Zygnema 
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sp. In tiiese groups, Pediastrum sp. was the most dominant species in 
all the three ponds. Monthly occurrence of these species in all the 
three ponds is given in Tables (2a, 2b, 2c, 4a, 4b Sn, 4c). In temperate 
regions, high temperature and bright sunshine have been reported as 
favourable factors for the growth and development of green algae (Mc 
Combie, 1953; Davis, 1954). 
Relatively higher population density of chlorophyceae was due to the 
richness of certain nutrients released during the decomposition of 
dead aquatic organism. Mohan (1987) has reported that calcium play 
an important role in the distribution of green algae. Lin (1972) and 
Bais et al. (1993) have reported that, besides physico-chemical 
parameters, the presence of myxophyceae also control the fluctuations 
in green algae population. 
Chlorophyceae population on natural substrata ranged from 
minimum (101 No./cm^) in September, 2007 to maximum (292 
No./cm2) in February, 2008 in Pond I, (163 No./cm2) in September, 
2007 to maximum (367 No./cm2) in May, 2007 in pond II, and (57 
No./cm2 ) in August 2007 to maximum (165 No./cm^) in November, 
2007 in pond III. 
On wood surface, its population ranged from minimum (31 No./cm2) 
in July, 2007 to maximum (107 No./cm2) in February, 2008 in pond I, 
(42 No./cm2) in April, 2008 to maximum (203 No./cm2) in December, 
2007 in Pond II and (25 No./cm2) in July, 2007 to maximum (84 
No./cm2) in November, 2007 in pond III. 
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On stone surface, chlorophyceae population ranged from minimum 
(15 No./cm2) in June, 2007 and April, 2008 to maximum (47 No./cm2) 
in February, 2008 in pond 1, (15 No./cm^) in April, 2008 to maximum 
(106 No./cm2) in November, 2007 in pond II and (10 No./cm2) in 
July, 2007 to maximum (57 No./cm2) in December, 2007 in pond III. 
On glass slide surface, the population of chlorophyceae ranged from 
minimum (5 No./cm2) in April, 2008 and September, 2007 to 
maximum (31 No./cm2) in February, 2008 in pond 1, (10 No./cm2) in 
March, 2008 and April, 2008 to maximum (85 No./cm2) in December, 
2007 in pond II and (5 No./cm2) in July, 2007 to maximum (40 
No./cm2) in May, 2007 in pond III. 
Statistically, water temperature with chlorophyceae on natural 
substrata, showed significant negative correlation in pond III and 
negative correlation in pond I, whereas in pond II, it showed positive 
correlation (pond I: r = -0.199, pond II: r = 0.165, pond III: r = -0.614). 
On wood surface, showed significant negative correlation in pond I 
and negative correlation in pond II and pond III (pond I: -0.779, pond 
II: r = -0.500, pond III: r = -0.060). On stone surface, showed 
significant negative correlation in pond I and pond II and negative 
correlation in pond III (pond I : r = -0.773, pond II: r = -0.586, pond 
III: r = -0.224) and on glass slide surface, showed negative correlation 
in all the three ponds (pond I: r = -0.422, pond II: r = -0.436, pond III: 
r =-0.033) (Table-ll;Fig. 8e). 
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Protococcus sp. : It is unicellular and globular, consisting of short 
few celled filaments and found in damp places (Needham and 
Needham, 1962) (PLATE-V). This species was only found on natural 
substrata in all the three ponds. Protococcus sp. population showed 
uneven distribution in all the three studied ponds (Tables- 2a, 2b, 2c). 
Its maximum population density (16 No./cm^) was recorded in all the 
three ponds during summer and winter months. 
Ulothrix sp. : Its chromatophore is a homogeneous zonate band, with 
one to several pyrenoids (Needham and Needham, 1962) (PLATE-V). 
Cells are shorter than wide or may be equal in dimensions 
(Edmondson, 1959). Ulothrix sp. was found botli on natural and 
artificial substrata in all the three selected ponds. It was found 
irregular in distribution in all the three ponds (Tables- 2a, 2b, 2c, 4a, 
4b 85 4c). Its population density was recorded highest (16 No./cm^) in 
all the three ponds but in different seasons as in pond 1, pond II and 
pond III, the highest Ulothrix sp. population was recorded in winter 
months, but in pond II, it was also recorded in July, 2007, whereas on 
artificial substrata the highest Ulothrix sp. population (21 No./cm^) 
was noted on wood surface in November, 2007 in pond II. 
Microspora sp. : Chromatophore are granular, covering more or less 
completely the whole cell wall (Needham and Needham, 1962) (PLATE-
V). Microspora sp. was only found on natural substrata in all the three 
ponds. On artificial substrata, it was totally absent. It was irregular in 
distribution in all the three ponds (Tables- 2a, 2b, 2c). The Microspora 
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sp. showed its maximum density (21 No./cm^) in Februaiy, 2008 in 
pond I. 
Ankistrodesmus sp. : It is solitary or loosely grouped in irregular 
bundles (Needham and Needham, 1962) (PLATE-IV). It was regular in 
distribution in all the three ponds on natural substrata, whereas on 
artificial substrata, Ankistrodesmus sp. showed irregular distribution 
in all the three ponds (Tables- 2a, 2b, 2c, 4a, 4b 85 4c). Its highest 
population density (27 No./cm^) on natural substrata was recorded in 
pond I during June , 2007, July, 2007, January, 2008 and April 2008, 
whereas on artificial substrata, wood surface showed its maximum 
density (32 No./cm2) in March, 2008 in pond I. 
Volvox sp. : Cells are without gelatinous covers and many cells are in 
a hollow globe (Needham and Needham, 1962) (PLATE-VI). Volvox sp. 
was found both on natural and artificial substrata in all the three 
ponds (Tables- 2a, 2b, 2c, 4a, 4b 85 4c). On natural substrata, the 
maximum population density of Volvox sp. (27 No./cm2) was noted in 
summer and winter months in pond I and pond II, whereas on 
artificial substrata, the maximum population density (16 No./cm2) 
was found on wood surface in pond II (16 No./cm^). In pond I, this sp. 
was found to be totally absent on all the artificial substrata in 
summer months (from May 2007 to October, 2007). 
Palmella sp. : Cells have distinct sheaths and are found in the form 
of crustose colony (Edmondson, 1959) (PLATE-Vl). Palmella sp. was 
found only on natural substrata in all the three ponds. It was totally 
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absent on artificial substrata (Tables- 2a, 2b, 2c). Palmella sp. showed 
its highest density (32 No./cm^) during May, 2007 in pond I. 
Sphaeroplea sp. : Cells are with thick and warty cross walls and 
germlings tapered at each end (Edmondson,1959) (PLATE-VI). 
Sphaeroplea sp. was found only on natural substrata in pond 1 and 
pond 11. This sp. was found in irregular distribution in both ponds 
(Tables- 2a 85 2b). The maximum density (21 No./cm^) of Sphaeroplea 
sp. was recorded during April, 2008 in pond II. It was found totally 
absent in pond III on both natural and artificial substrata. 
Oedogonium sp. : Cells are long and filaments unbranched 
(Edmondson, 1959) (PLATE-V). Its distribution was uneven 
throughout the year in all the three ponds both on natural and 
artificial substrata (Tables- 2a, 2b, 2c, 4a, 4b fis 4c). It was more 
abundant on natural substrata in comparison to that on artificial 
substrata. Its maximum population density (27 No./cm^) on natural 
substrata was noted during February, 2008 in pond I. On artificial 
substrata, its maximum density (11 No./cm^) was noted on wood and 
stone surfaces in pond I and pond II. Oedogonium sp. was found in 
lesser number on artificial substrata in pond III. 
Scenedesmus sp. : Cells form colonies, each of a single row (Needham 
and Needham, 1962) (PLATE-V). Scenedesmus sp. population was 
unevenly distributed on both natural and artificial substrata in all the 
three ponds. In most of the months of the year, it was found totally 
absent in all the three ponds. Its population was found maximum 
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(21 No./cm2) during June, 2007 and October, 2007 in pond I and 
July, 2007 in pond II. On artificial substrata, its maximum density 
(27 No./cm^) was recorded during February, 2008 on wood surface in 
pond II (Tables- 2a, 2b, 2c, 4a, 4b 85 4c). 
Crucigenia sp. : Cells are variable and united in a regular flat plate 
(Needham and Needham, 1962) (PLATE-V). Crucigenia sp. was found 
only on natural substrata in all the three ponds (Tables- 2a, 2b, 2c). 
The maximum density of Crucigenia (27 No./cm2) on natural 
substrata was noted during June, 2007 in pond I, whereas on 
artificial substrata, Crucigenia sp. was found totally absent in all the 
three ponds throughout the study period. 
Tetraspora sp. : Indefinite cells are embedded in a copious gelatinous 
envelope (Edmondson, 1959) (PLATE-IV). Tetraspora sp. was found to 
be present both on natural and artificial substrata in all the three 
ponds. It was unevenly distributed in all the three ponds (Tables- 2a, 
2b, 2c, 4a, 4b 86 4c). On natural substrata, Tetraspora sp. showed its 
maximum density (32 No./cm2) during May, 2007 in pond II, whereas 
on artificial substrata, its highest density (27 No./cm^ ) was recorded 
on stone surface during May, 2007 in pond II, followed by the next 
highest peak of its population (21 No./cm2) on wood surface during 
May, 2007 and July, 2007 in pond II. 
Spirogyra sp. : Thallus is unbranched thread of many similar cells. 
Chloroplast is arranged in spiral bands (Needham and Needham, 
1962) (PLATE-V). Spirogyra sp. was found to be present only on 
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natural substrata (Tables- 2a, 2b, 2c). In pond I, its maximum density 
(16 No./cm2) was recorded during May and June, 2007) and in pond 
II, it showed its maximum density (27 No./cm^) during July 2007 and 
in pond III, highest density (11 No./cm^) was recorded during October 
2007 and January, 2008. 
Pediastrum sp. : Cells are in a flat plate and colonial in nature 
(Needham and Needham, 1962) (PLATE-IV). Pediastrum sp. was the 
most abundant sp. found on both natural and artificial substrata in 
all the three ponds (Tables- 2a, 2b, 2c, 4a, 4b 65 4c). On natural 
substrata, Pediastrum sp. showed its maximum density (53 No./cm^) 
during February, 2008 in pond II, and, its second highest peak (48 
No./cm2) was observed during April, 2008 in the same pond (pond II), 
whereas on artificial substrata, the maximum density of Pediastrum 
sp. (53 No./cm2) was recorded on wood surface during January, 2008 
and another peak (48 No./cm^) during December, 2007 in pond II. 
Actinastrum sp. : Cells are united centrally at points of mutual 
contact (Edmondson, 1959) (PLATE-IV). Actinastrum sp. was found to 
be present only on natural substrata in all the three ponds (Tables-
2a, 2b, 2c). Actinastrum sp. showed two maxima in all the three 
ponds. One maxima was observed during summer and second in 
winter months. In pond I, maximum density (16 No./cm^) was 
recorded during June, 2007 and February, 2008. In pond II, higher 
densities (32 No./cm2) were recorded during June, 2007 and (27 
No./cm2) during February, 2008 and in pond III, it showed its higher 
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densities (16 No./cm^) during June, 2007 and (11 No./cm^) during 
June, 2007. 
Selenastrum sp. : Cells are lunate and arranged back to back. It is 
colonial in nature (Needham and Needham, 1962) (PLATE-IV). It was 
found to be present only in pond I and pond II on both natural and 
artificial substrata, and in pond 111, it was found totally absent on 
both natural and artificial substrata (Tables- 2a, 2b, 4a 85 4b). On 
natural substrata, Selenastrum sp. showed its maximum density (27 
No/cm2) during July, 2007 in pond II and during November, 2007 in 
pond I. On artificial substrata, wood and glass slide surfaces, showed 
its maximum density (11 No./cm^) in pond II. 
Chlorella sp. : Cells are with one parietal chloroplast, wall moderately 
thick. It is tetrahedral to variously lobed or irregular (Edmondson, 
1959) (PLATE-IV). It was more or less uniformly distributed in all the 
three ponds (Tables- 2a, 2b, 2c, 4a, 4b 8B 4c). On natural substrata 
Chlorella sp. showed its maximum density (37 No./cm2) during May, 
2007 in pond II, whereas on artificial substrata the maximum density 
of chlorella sp. (21 No./cm^) was recorded on wood surface during 
May, 2007 in pond I. In pond II, maximum density (21 No./cm^) was 
recorded during May, 2007 on stone surface and during November, 
2007 on wood surface. 
Pedinomonas sp. : Cells have single flagellum which is curved 
(Edmonson, 1959) (PLATE-VI). Pedinomonas sp. was found only on 
natural substrata in pond I and pond II, whereas in pond III, it was 
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never found throughout the study period (Tables- 2a 85 2b). 
Pedinomonas sp. showed its maximum density (27 No./cm^) during 
May, 2007 and June, 2007 in pond I, whereas in pond II, the highest 
density of Pedinomonas sp. (27 No./cm2) was recorded during July, 
2007 and February, 2008. 
Coelastrum sp. : 2 to 64 cells are joined laterally to form a hollow 
sphere (Edmondson, 1959) (PLATE-V). Coelastrum sp. was found to be 
present both on natural and artificial substrata in all the three ponds. 
Its population showed uneven distribution in all the three ponds 
(Tables- 2a, 2b, 2c, 4a, 4b 85 4c). On natural substrata, the highest 
density of Coelastrum sp. (27 No./cm^) was recorded during June , 
2007 in pond 1 and on artificial substrata, wood surface showed its 
maximum density (27 No./cm^) during August, 2007 in the same 
pond. 
Hormidium sp. : Cells half to 2 times longer than wide, end cells not 
pointed (Edmondson, 1959) (PLATE-VI). Hormidium sp. was found 
only on natural substrata in pond I and pond II and It was throughout 
absent in pond III (Tables- 2a & 2b). In pond I, the maximum 
population density (16 No./cm^) of Hormidium sp. was recorded 
during January, 2008, whereas in pond II, its population was found to 
be highest (21 No./cm2) during Februaiy, 2008. 
Kircheneriella sp. : Cells develop in colonies and colonies enveloped 
in mucus (Needham and Needham, 1962) (PLATE-VI). Kircheneriella 
sp. was recorded only on natural substrata in all the three ponds. It 
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was totally absent on all the three artificial substrata in all the three 
ponds. The maximum density of Kircheneriella sp. (27 No./cm^) was 
recorded during July, 2007 in pond 1 and during November, 2007 in 
pond II (Tables- 2a, 2b, 2c). 
Zygnema sp. : Cells are arranged to form a filament. The chloroplast 
is arranged in two stellate body for each cell (Needham and Needham, 
1962) (PLATE-Vl). This species was found on both natural and 
artificial substrata in all the three ponds (Tables- 2a, 2b, 2c, 4a, 4b & 
4c). On natural substrata, the highest population density (21 
No./cm2) of Zygnema species was recorded during May, 2007 and 
September, 2007 in pond II, whereas on artificial substrata, its 
highest number (16 No./cm^) was recorded on wood surface during 
July, 2007, September and December, 2007 and January, 2008 in 
pond II. 
M3rxophyceae (Blue-green algae): They are unicellular, filamentous 
and colonial forms and most of them are enclosed in mucilaginous 
sheaths either individually or in colonies (Wetzel, 1983). They have 
been given much attention because of their relative scarcity and lack 
of other groups of algae. Their presence and abundance indicate the 
eutrophic nature of the water body (Seenayya and Zafar, 1981 and 
Gaur, 1994). Cyanobacteria (also known as blue green algae) are 
morphologically diverse group of gram negative photosynthetic 
prokaryotes, which are unique in their cosmopolitan distribution 
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ranging from arctic to antarctic habitats. They may thrive in extreme 
environments such as, rocky shores, hot springs, photooxidation, heat 
and cold shock, an aerobiosis, nitrogen starvation, etc. (Sinha and 
Hader, 1996; Zehr et al, 2000; KaUb, 2002 and Saha et al, 2003). 
The presence of cyanobacteria on bare rock (though looks no life 
exists) can be identified by the slipperiness due to exopolysaccharides, 
immediately after rain or pouring water. Cyanobacteria occupy a 
central position in global nutrient cycling especially due to their 
inherent capacity to fix atmospheric CO2 and N2 through Rubisco and 
nitrogenase enzymes respectively (Sinha et al, 1995, 1997). In fresh 
waters, these blue-green algae are the major phytoplanktonic 
organisms able to produce biotoxins, neurotoxins (alkaloids) and 
hepatoxins (peptides) (Sant- Anna and Azevedo, 1995, 2000). 
On an average, myxophyceae form third abundant group in all the 
three ponds. Most of the genera of this group are planktonic in nature 
(Wetzel, 1983). In the present periphyton collection, this group was 
represented by the genera, namely Anabaena sp., Anacystis sp., 
Agmenellum sp., Oscillatoria sp., Riimlaria sp., Spirulina sp., 
Gomphosphaeria sp. and Nostoc sp. Monthly occurrence of these 
genera in all the three ponds, both on natural and artificial substrata 
is given in (Tables- 2a, 2b, 2c, 4a, 4b & 4c). Myxophyceae population 
on natural substrata ranged from minimum (57 No./cm^) in August, 
2007 to maximum (234 No./cm2) in February, 2008 in pond I, (73 
No./cm2) in October 2007, November, 2007 and December, 2008 to 
maximum (266 No./cm2) in February, 2008 in Pond II and (20 
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No./cm2) in January, 2008 to maximum (74 No./cm^) in June, 2007 
in pond III. 
On wood surface, myxophyceae population ranged from minimum (15 
No./cm2) in March, 2008 to maximum (128 No./cm^) in January, 
2008 in pond I, (20 No./cm2) in April, 2008 to maximum (149 
No./cm2) in January, 2008 in Pond II and (15 No./cm2) in April, 2008 
to maximum (52 No./cm^) in Nov. 2008 in pond III. On stone surface, 
its population varied from (10 No./cm^) in September, 2007, March, 
2008 and April, 2008 to maximum (53 No./cm2) in January, 2008 in 
pond I, (5 No./cm2) in July, 2007 and March, 2008 to maximum (90 
No./cm2) in January, 2008 in Pond II and (10 No./cm2) in July, 2007, 
September, 2007, January, 2008 and February, 2008 to maximum 
(37 No./cm2) in November, 2007 and December, 2007 in pond III. 
Glass slide surface showed myxophyceae population varying from 
(5 No./cm2) in April, 2008 to maximum (37 No./cm2) in January, 2008 
in pond I, 5 (July, 2007 and April, 2008) to maximum (63 No./cm2) in 
January, 2008 in pond II and (5 No./cm2) in February, 2008 to 
maximum (25 No./cm2) in October, 2007 and December, 2007 in 
pond III. 
Statistically, water temperature with myxophyceae on natural 
substrata, showed positive correlation in pond II and pond III, 
whereas in pond I, showed negative correlation (pond I: r = -0.202, 
pond II: r = 0.328, pond III: r = 0.296) (Fig. 81). 
On wood surface showed negative correlation in all the three ponds 
(pond I: r = -0.605, pond II: r = -0.487, pond III: r = -0.018). On stone 
92 
surface, showed significant negative correlation in pond I and pond II 
and negative correlation in pond III (pond 1: r = -0.618, pond II: 
r = -0.732, pond III: r = -0.089) and on glass substi-ata, showed sti^ong 
negative correlation in pond I and pond II and negative correlation in 
pond III (pond I: r = -0.728, pond II: r = -0.710, pond III: r = -0.137) 
(Table-ll;Fig. 8f). 
Anacystis sp. : Cells are spherical before division, irregularly 
disti"ibuted through the gelatinous matrix or in a series of rows in 3 
planes perpendicular to each other (Edmondson, 1959) (PLATE-VII). 
Anacystis sp. was found to be present irregular in distribution on both 
natural and artificial substrata in all the three ponds (Tables- 2a, 2b, 
2c, 4a, 4b & 4c). On natural substrata its maximum population 
density (43 No./cm^) was recorded during February, 2008 in pond II, 
whereas on artificial substrata, its highest density (32 No./cm2) was 
recorded during May, 2007 on wood surface in pond II. 
Agmenellum sp. : Cells are ovoid, arranged regularly in series of rows 
perpendicular to each other (Edmondson, 1959) (PLATE-VIII). 
Agmenellum sp. was found to be present both on natural and artificial 
substrata in all the three ponds (Tables- 2a, 2b, 2c, 4a, 4b & 4c). On 
natural substrata, Agmenellum sp. showed its maximum density (43 
N0./cm2) during June, 2007 in pond II and in January, 2008 in pond 
I. On natural substrata, its population showed bimodal pattern of 
distribution. On artificial substrata, its maximum population (53 
No./cm2) was recorded on wood surface during January, 2008 in 
pond II. 
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Nostoc sp.: It is a filamentous form. Filaments are more or less 
straight and within a gelatinous sheath (Needham and Needham, 
1962) (PLATE-VII). Nostoc sp. was noted on both natural and artificial 
substrata in all the three ponds (Tables- 2a, 2b, 2c, 4a, 4b 8B 4C). The 
highest density of Nostoc sp. population (32 No./cm^) was found 
during June, 2007 in pond 1, whereas on artificial substrata, the 
maximum (11 No./cm^) population was recorded on wood surface 
during November, 2007 in pond II. 
Anabaena sp. : Its filaments are aggregated without order (Needham 
and Needham, 1962) (PLATE-VII). It showed more or less uniform 
distribution throughout the year in all the three ponds. It was found 
to be present on both natural and artificial substrata (Tables- 2a, 2b, 
2c, 4a, 4b 86 4c). Anabaena sp. showed its maximum population 
density (21 No./cm^) on natural substrata during July, 2007 and 
April, 2008 in pond II, whereas on artificial substrata, its maximum 
population density (32 No./cm^) was recorded on wood surface in the 
month of January, 2008 in pond I. 
Oscillatoria sp. : It is a filamentous form. Trichomes can be straight 
or flexuous (Needham and Needham, 1962) (PLATE-VII). Oscillatoria 
sp. was recorded on both natural and artificial substrata in all the 
three ponds. Its maximum number (37 No./cm^) on natural substrata 
was recorded in pond II during February, 2008. On artificial 
substrata, the maximum Oscillatoria sp. density (27 No./cm^) was 
recorded on wood surface during January, 2008 in both pond I and 
pond II (Tables- 2a, 2b, 2c, 4a, 4b 85 4c). 
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Spirulina sp. : It is spiral in nature. Filaments are enclosed in a 
gelatinuous sheath (Needham and Needham, 1952) (PLATE-VII). 
Spirulina sp. was found on both natural and artificial substrata in all 
the three ponds (Tables- 2a, 2b, 2c, 4a, 4b & 4c). On natural 
substrata, the highest number of Spirulina sp. (48 No./cm^) was 
observed in pond II during May, 2007, whereas on artificial substrata, 
its highest number (37 No./cm^) was observed on wood surface in 
pond II during May, 2007. 
Rivularia sp. : Cells are in the form of filaments. Each filament with 
a basal heterocyst. Filaments radiating in a gelatinous mass 
(Needham and Needham, 1962) (PLATE-VIII). Rivularia sp. was found 
to be present on both natural and artificial substrata in all the three 
ponds (Tables- 2a, 2b, 2c, 4a, 4b & 4c). Rivularia sp. showed its 
highest number on natural substrata in pond I (37 No./cm^) during 
January, 2008, whereas on artificial substrata, it showed its highest 
number on wood surface in pond II (32 No./cm^) during January, 
2008. 
Gomphosphaeria sp. : Cells containing pseudo vacuoles and may 
develop as water blooms (Edmondson,1959) (PLATE-VIII). 
Gomphosphaeria sp. was only recorded on natural substrata in all the 
three ponds (Tables- 2a, 2b, 2c). Gomphosphaeria sp. was recorded 
highest in number (37 No./cm2) in Pond I during June, 2007. 
Aphanocapsa sp. : Cells are spherical and scattered within the 
gelatinous matrix (Needham and Needham, 1962) (PLATE-VIII). 
Aphanocapsa sp. was only recorded on natural substrata in all the 
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three ponds (Tables- 2a, 2b, 2c). Its highest number (48 No./cm^) was 
noted in pond I during June, 2007. This species was found to be 
totally absent on all the three artificial substrata in all the three 
ponds. 
Euglenophyceae : Euglenoids algae form a relatively large and diverse 
group but few species are truly planktonic (Wetzel, 1983). According to 
Hutchinson (1967) "though the group consists of more than 600 
species of photosynthetic form, as well as many are apochlorotic, few 
are of any importance as members of the lake plankton". Almost all 
euglenoids are unicellular, lack a distinct cell wall and possess one, 
two or three flagella (Wetzel, 1983). They are facultative, heterotrophic 
and generally abundant in waters rich in organic matter. The 
ecological distribution of euglenoids has been studied by Rao (1955), 
Zafar (1959), Philipose (1960), Munawar (1970), Singh and Swarup 
(1979), Saxena (1982), Haque (1991) and Hosmani (2000). 
In the present study, euglenoids were found in good numbers, 
reflecting the idea that they may be highly resistant to the changing 
environmental conditions. This group was only present on natural 
substrata. On artificial substrata, it was found totally absent. The 
reason of its absence may be shorter time of exposure of artificial 
substrata to the environment. Komarek and Sukacova (2004) suggest 
leaving artificial substrates for a year before sampling to allow the 
periphyton to progress from a colonization community to a stable 
community reflecting environmental conditions. Euglenoids are rich in 
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shallow water bodies which are having rich organic matter (Wetzel, 
1983). According to Wetzel (1964), development of euglenophyceae 
occurs most oftenly in monsoon season, strata or systems in which 
concentration of ammonia and dissolved organic matter is high. In the 
present investigation, this group was represented by the two genera 
Euglena sp. and Phacus sp. They are planktonic in nature and found 
in shallow waters (Wetzel, 1983). 
Monthly occurrence of these genera for all the three ponds is given in 
(Tables- 2a, 2b, 2c). The population ranged from minimum (10 
No./cm2) in July, 2007 to maximum (48 No./cm2) in March, 2008 in 
Pond 1, (16 No./cm2) in December, 2007 to maximum (59 No./cm^) in 
March, 2008 in pond II and (5 No./cm2) in July, 2007, August, 2007 
and January, 2008 to maximum (27 No./cm2) in November, 2007 and 
December, 2007 in pond III. 
Euglena sp. : It may form green scum on water and has pigmented 
eye spot (Edmondson, 1959) (PLATE-IX). Its highest number (32 
No./cm2) was recorded in pond II during January, 2008. This species 
was found absent on all the three artificial substrata (Tables- 2a, 2b, 
2c). 
Phacus sp. : Body is flattened and often ridged (Edmondson, 1959) 
(PLATE-IX). Phacus sp. was the most dominant sp. of Euglenoids in all 
the three ponds. Its highest number (43 No./cm2) was observed in 
pond II in during August, 2007 (Tables- 2a, 2b, 2c). 
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Desmidiaceae : The term desmid is used in limnology to designate 
members of those conjugales that are either strictly unicellular or in 
which, if filamentous, the cells of filaments are loosely connected 
(Hutchinson, 1967). Desmids are exclusively fresh water plants and 
not a single species is found in the sea (Plaskitt, 1997). They are 
typically found in acid bogs, in very dilute waters low in electrolytes 
and in oligotrophic lakes (Cole, 1983). 
In the present study, this group of algae forms the least abundant 
group of plantperiphyton contributing least to entire phytoplankton 
density (Tables- 2a, 2b, 2c). Welch (1952), Hutchinson (1975) and 
Goldman and Home (1983) have reported that waters possessing 
desmids as dominate phytoplankton were, in chemical sense, distinct 
from those which were rich in diatoms and blue-green algae. 
Closterium sp. and Cosmarium sp., which are known to exhibit 
tolerance with the higher concentration of organic matter, were the 
only genera noted throughout the period of investigations. The 
population density of Demidiaceae ranged from minimum (5 No./cm2) 
in October, 2007 to maximum (70 No./cm2) in April, 2008 in pond I, 
(16 No./cm2) in May, 2007 to maximum (53 No./cm^) in September, 
2007 in pond II and (5 No./cm2) in July, 2007, August 2007, October, 
2007, January, 2008, February 2008 and March 2008 to maximum 
(16 No./cm2) during June, 2007 and April, 2008 in pond III. The least 
population of this group, particularly Cosmarium sp. might also be 
due to the dominance of blue green algae. Lefevre et al. (1952) have 
demonstrated antagonistic effect of the abundant growth of blue-green 
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algae on the population of desmids. According to Hutchinson (1967, 
1975), desmids increase by the rarity of blue-green algae. Haque 
(1991) also recorded low density of desmids during the period of 
higher densities of Myxophyceae. 
Statistically, on natural substrata, bacillariophyceae always showed 
negative correlation with desmidiaceae in all the three ponds (pond I: 
r = -0.062, pond II: r = -0.234, pond III: r = -0.191) (Table-11; Fig. 15). 
Closterium sp. : Cells with or without constriction and are strongly 
attenuated towards each extremity (Needham and Needham, 1962) 
(PLATE-IX). Its highest number (43 No./cm^) was recorded in pond I 
during April, 2008 and during July, 2007 and September, 2007 in 
pond II (Tables- 2a, 2b, 2c). 
Cosmarium sp.: Cells with a more or less entire margin, often 
furnished with warts or spines (Needham and. Needham, 1962) 
(PLATE-IX). Its highest number (32 No./cm2) was found in pond II 
duriung September, 2007). This sp. was the most dominant sp. of 
desmidiaceae group and found in all the three ponds (Tables- 2a, 2b, 
2c). 
Xanthophyceae: The yellow-green algae are photosynthetic species 
belonging to the xanthophyta phylum, which is one of the phyla 
pertaining to the Chromista group in the Protista kingdom. 
Xanthophyta encompasses 650 living species so far identified. Most 
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xanthophyta are coccoid or filamentous, but some are siphonous, 
meaning that they are composed of multiple tubular cells with several 
nuclei (Vashishta, 2001). What makes up the cell wall is unknown but 
inside some there are two silica valves similar to those in diatoms. For 
the species that are filamentous the interlocking halves are in the 
shape of a H. Xanthophyta are generally found in freshwater, wet soil 
and tree trunks, but there are several marine species too. Most of the 
species occur singly and are found around other algae, making it 
difficult to find the same species twice. They do very well at low pH in 
habitats that are rich in iron. It was also found that xanthophyceae 
loses its cytoplasmic streaming ability and organization of other 
vegetative filaments, when it is in an aluminum-rich environment. 
Many of them are found in late winter among floating mats in still 
water. 
In the present investigation, xanthophyceae population occupied the 
fifth position in plantperiphyton group in pond II and III, whereas in 
pond I, its population occupied fourth position by being greater in 
abundance than euglenophyceae population. This group was only 
found on natural substrata (Tables- 2a, 2b, 2c). In pond I, its 
population ranged from minimum (15 No./cm2) in August, 2007) to 
maximum (59 No./cm^) in June, 2007, (21 No./cm^) in September, 
2007 to maximum (59 No./cm2) in May, 2007 and June, 2007 in pond 
II and (5 No./cm2) in January, 2008 to maximum (16 No./cm^) in 
May, 2007 in pond III. 
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Chrysocapsa sp. : Few cells form a colony. Colony is microscopic and 
globular (Edmondson, 1959) (PLATE-X). Its highest density 
(21 No./cm-2) was recorded in June 2007 in pond I and in August, 
2007 in pond II. This sp. was found regularly in ponds I and pond II 
on natural substrata (Tables- 2a, 2b, 2c). 
Ophiocytium sp. : Cells panderiform to cylindric, stalk spinelike 
(Edmondson, 1959) (PLATE-X). This sp. was found in regular 
distribution on natural substrata in all the three waterbodies (Tables-
2a, 2b, 2c). Its highest density (32 No./cm^) was recorded in pond II 
during May, 2007 and June, 2007. This sp. was the most dominant 
sp. of the xanthophyceae group in all the three ponds. 
Uroglena sp. : Cells form spherical colonies and gelationous 
processes join individual cells (Needham and Needham, 1962) (PLATE-
X). Uroglena sp. showed its regular presence in pond I and pond II, 
whereas in pond III, it was found to be absent from July, 2007 to 
January, 2008 (Tables- 2a, 2b, 2c). Its highest population density (32 




Rotlfera : Rotatoria Is a group of the pseudocoelomate animals and a 
minor phylum of invertebrates, commonly termed as wheel-
animalcules because of their characteristic 'wheel organ' or corona. 
The term Rotifera or Rotatoria had long been invariably used for this 
primitive group. Their nomenclature status was first questioned and 
reviewed at international symposium held at Uppsala Sweden in 1982 
(Ricci, 1983), wherein the former term was accepted to be valid by the 
rotiferologists for all future applications. They are totally fresh water 
except only two genera and their few species which are marine 
(Wetzel, 1983). Rotifera are the most important soft bodied 
invertebrates in the fresh water plankton and characteristically 
inhabitants of inland waters (Hutchinson, 1967). These organisms 
were presumed to be a product of the aerobic phase in the 
development of our planet (Sladecek, 1983). The rotifers occur in an 
endless variety of aquatic and semi-aquatic habitats, including the 
limnetic and deepest regions of the largest lakes and smallest puddles. 
They are found in damp soil and vegetable debris in mosses that may 
be wetted or dampened only occasionally (Pennak, 1978). In terms of 
biomass, rotifer certainly cannot compete with the larger crustaceans, 
but their rapid reproduction and fast development rate that rotifers 
can account for between 10 to 44% of the total zooplankton (Herzig, 
1987). According to Pennak (1978), if we were to designate a single 
major taxonomic category that is most characteristic of fresh waters, it 
could only be the phylum rotatoria. 
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Important publications relating to rotifers are those of Donner (1965), 
Ruttner-Kolisko (1974), Pontin (1978), Pennak (1978), Sladecek 
(1983), Wallace and Snell (1991), Sharma (1991, 1995, 1996, 1998, 
2000 and 2001), Shiel (1995), De Smet (1995 and 1996), De Smet and 
Purriot (1996) and Melone et al. (1998). 
In the present study, rotifers are represented by species of 
Asplanchna, Brachionus, Keratella, Notholca, Filinia, Testudinella, 
Epipkanes, Lecane, Lepadella, Colurella, Ascomorpha, Asplanchnopus, 
Philodina, Polyarthra, Rotaria and Trichocerca. Monthly occurrence of 
these genera on both natural and artificial substrata for all the three 
ponds is given in (Table-3a, 3b, 3c, 5a, 5b, & 5c). On natural 
substrata rotifera population ranged from minimum (52 No./cm^) in 
January, 2008 to maximum (168 No./cm^) in pond 1, (72 No./cm^) in 
December, 2007 to maximum (318 No./cm2) in May, 2007 in pond II 
and (31 No./cm^) in February, 2008 to maximum (163 No./cm^) in 
June, 2007 in pond III. 
On wood surface, its population ranged from minimum (15 No./cm^) 
during September, 2007 and March, 2008 to maximum (105 No./cm^) 
in June 2007 in pond I, (31 No./cm^) in August, 2007 to maximum 
(112 No./cm2) in May, 2007 in pond II and (10 No./cm2) in February, 
2008 to maximum (52 No./cm2) in May, 2007 in pond III. 
On stone surface, its population ranged from minimum (5 No./cm2) in 
March, 2008 to maximum (79 No./cm2) during May, 2007 and June, 
2007 in pond I, (15 No./cm2) during October, 2007 and February, 
2008 to maximum (50 No./cm2) in December, 2007 in pond II and (5 
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No./cm2) in February. 2008 to maximum (47 No./cm^) during 
December, 2007 in pond III. 
On glass slide surface, rotifers population ranged from minimum (5 
No./cm2) during September, 2007, October, 2007, November 2007 
and December, 2007 to maximum (20 No./cm^) in July, 2007 in pond 
I, (5 No./cm2) during October, 2007, February, 2008, March, 2008 
and April, 2008 to maximum (46 No./cm2) in December, 2007 in pond 
II and (5 No./cm2) during September, 2007 and March, 2008 to 
maximum (26 No./cm^) in December, 2007 in pond III. 
Water temperature with rotifera on natural substrata, showed 
significant positive correlation in pond I and pond III and positive 
correlation in pond II (pond I: r = 0.840, pond II: r = 0.261, pond III: 
r = 0.649). On wood surface, showed significant positive correlation in 
pond I, whereas in pond II and pond III, showed negative correlation 
(pond 1: 0.610, pond II: r = -0.347, pond III: r = -0.053). On stone 
surface, showed significant positive correlation in pond I, whereas in 
pond II and pond III, showed negative correlation (pond I: r = 0.610, 
pond II -0.347, pond III: r = -0.053) and on glass slide surface, showed 
strong positive correlation in pond I and negative correlation in pond II 
and pond III (pond I: r = 0.735, pond II: r = -0.530, pond III: 
r = -0.182) (Table-ll;Fig. 8f). 
Rotifera with Cladocera on natural substrata, showed significant 
negative correlation in pond I and negative correlation in pond II and 
pond III (pond I: r = -0.623, pond II: -0.414, pond III: r = -0.464) 
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(Table-11; Fig. 15). This relation showed the grazing effect of cladocera 
on rotifera population in these waterbodies. 
Among the common and widely distributed species of Brachionus, B. 
calyciflorus, B. hidentata, B. angularis, B. quadridentata, B. urceolaris 
and B. plicatilis axe common species in Indian waters. Species of 
Keratella, Notholca, Epiphanes and Brachionus, are semi planktonic in 
nature. Members of Polyarthra, Filinia and Asplanchna are planktonic 
or semi-planktonic in nature and Testudinella sp. is littoral in nature 
(Sharma, 2001). They depict cyclomorphosis and exhibit different 
ecotypes (Khan and Alam, 1999). They have been designated as 
indicator of organic pollution in eutrophic water bodies (Sharma, 
2001). 
Brachionus calyciflorus : Anterior occipital margin is with four 
broad based spines. The median occipital spines are distinctly longer 
than laterals (Sharma, 1998a) (PLATE-XI). This species was found on 
both natural and artificial substrata in all the three ponds (Table-3a, 
3b, 3c, 5a, 5b, 5c). On natural substrata, its highest population 
density (21 No./cm^) was noted in pond I in June , 2007, whereas on 
artificial substrata, its highest number (16 No./cm^) was observed on 
wood surface in pond II during January, 2008. 
Brachionus bidentata : Anterior margin is with occipital spines. 
Lateral and median spines are longer than intermediate occipital 
spines (Sharma, 1998a) (PLATE-XI). It was more or less uniformly 
distributed in all the three ponds (Table-3a, 3b, 3c, 5a, 5b, 5c). On 
natural substrata, its highest population density (16 No./cm^) was 
105 
observed in all three ponds, during July, 2007 in pond I, during May, 
2007, June, 2007, August, 2006 and April, 2008 in pond II and 
during May, 2007 in pond III. On artificial substrata its highest 
density (21 No./cm^) was observed on wood surface during July, 2007 
in pond 1 and during January, 2008 in pond II. 
Brachionus quadridentata : Anterior margin is with six occipital 
spines. Median spines are largest and ventrally curved while laterals 
are longer than intermediates. Posterio-lateral spines well developed 
(Sharma, 1998a) (PLATE-XI). It showed uneven density distribution in 
all the three ponds on both natural and artificial substrata (Table-3a, 
3b, 3c, 5a, 5b, 5c). On natural substrata, highest population density 
(16 No./cm2) of Brachionus quadridentata was recorded in pond I 
during May, 2007 and June, 2007, whereas on artificial substrata, its 
highest number (11 No./cm^) was recorded on wood surface in pond II 
in March, 2008. 
Brachionus angularis : Anterior margin is with tv/o median occipital 
spines. Posterior spines are lacking (Sharma, 1998a) (PLATE-XI). This 
species was found only on natural substrata in all the three ponds 
(Table-3a, 3b, 3c). Highest number (16 No./cm^) of this species was 
recorded in pond II during June, 2007. In pond III, it was recorded 
only in the months of May, 2007 and April, 2008. 
Brachionus urceolaris : Anterior margin have six occipital spines. 
Median spine is longest, whereas laterals and intermediates are of 
almost equal length (Sharma, 1998a) (PLATE-XI). Brachionus 
urceolaris v/as found to be present on both natural and artificial 
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substrata (Table-3a, 3b, 3c, 5a, 5b, 5c). On natural substrata, showed 
its highest number (21 No./cni2) in pond II during April, 2008, 
whereas on artificiar substrata, its higher number (16 No./cm^) was 
recorded on wood surface in pond I in June, 2007 and during 
January, 2008 in pond II. 
Brachionus plicatilis : Anterior margin have six occipital spines of 
almost equal length and broad base (Sharma, 1998a) (PLATE-XIl). 
This species was recorded on both natural and artificial substrata in 
all the three ponds (Table-3a, 3b, 3c, 5a, 5b, 5c). On natural 
substrata, its highest population density (21 No./cm^) was noted 
during August, 2007 in pond I and during May, 2007 in pond II. On 
artificial substrata, its highest number (16 No./cm^) was recorded on 
wood surface in November, 2007 in pond I and May, 2007 in pond II. 
Notholca sp. : Its lorica is oval to elongate and spindle shaped, with 
six occipital spines. Dorsal plate is with longitudinal striations. Foot is 
absent. It is planktonic or semi-planktonic in nature (Sharma, 2001) 
(PLATE-XIII). Notholca sp. was found to be present only on natural 
substrata in all the three ponds (Table-3a, 3b, 3c). Highest population 
density (21 No./cm2) of Notholca sp. was recorded in pond I during 
November, 2007. 
Epiphanes senta: Body is pyriform. Foot is with short toes and 
corona is provided with groups of large cilia. This species is planktonic 
or semi-planktonic in nature (Sharma, 2001) (PLATE-XIII). Epiphanes 
senta showed its presence on both natural and artificial substrata in 
all the three ponds (Table-3a, 3b, 3c, 5a, 5b, 5c). On natural 
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substrata, highest number (21 No./cm^) was recorded in pond I in 
May, 2007, whereas on artificial substrata, its highest number (16 
No./cm2 ) was recorded on wood and stone surface in pond I in June, 
2007 and August, 2007. 
Testudinella sp. : Body is loricate , circular, elliptical, oval or vase 
shaped and is more or less compressed. Foot opening is ventral 
located near middle or in the posterior half or posterior end of lorica. 
Foot is annulated and terminates with a band of cilia. Corona is with 
a circumapical band of cilia (Sharma, 1998a) (PLATE-XIIl). 
Testudinella sp. was found to be present only on natural substrata in 
all the three ponds throughout the study period (Table-3a, 3b, 3c). Its 
highest number (11 No./cm^) was recorded in pond II in May, 2007. 
Trichocerca sp. ; Body long and cylindrical. Anterior end is provided 
with a median dorsal spine and a number of longitudinal folds. Lorica 
is thin with a striated area. Left toe is almost as long as lorica but 
right toe reduced to a scaly spine. Lateral antennae are located in the 
middle of the dorsal crest (Shiva, 2004) (PLATE-XV). This species was 
recorded only on natural substrata in all the three ponds (Table-3a, 
3b, 3c). Highest number (11 No./cm^) was recorded in pond III in 
April, 2008. 
Keratella tropica : Six anterior occipital spines are present. Median 
occipital spines are longest pointed and out curved. Posterior spines 
are unequal and variable in length, the right spine generally longer 
than the left, the left posterior spine much reduced in some specimen 
(Sharma, 1998a) (PLATE-XII). This species was recorded only on 
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natural substrata in all the three ponds (Table-3a, 3b, 3c). Its highest 
population density (21 No./cm^) on natural substrata was recorded 
during May, 2007 in pond I and pond II. 
Keratella quadrata : Six anterior occipital spines are present. The 
median spines are longest and curved (Sharma, 1998a) (PLATE-XII). 
Keratella quadrata was recorded on botJi natural and artificial 
substrata (Table-3a, 3b, 3c, 5a, 5b, 5c). On natural substrata, highest 
number (27 No./cm^) was recorded in pond II in November, 2007, 
whereas on artificial substrata, its highest number (16 No./cm^) was 
recorded on wood surface in pond II during November, 2007 and 
February, 2008. 
Keratella cochlaris : Lorica consists of a dorsal and a ventral plate. 
This species is planktonic is nature (Sharma, 2001) (PLATE-XII). This 
species was found to be present only on natural substrata in all the 
three ponds (Table-3a, 3b, 3c). Highest number (16 No./cm^) was 
recorded in May, 2007 in pond I and during June, 2007 in pond II. 
Keratella serrulata : Lorica is divided into dorsal and ventral plate. 
Occipital margin is within 4 spines. The median ones are curved. 
Posterior spines are generally absent but sometimes present (Sharma, 
1998a) (PLATE-XII). It showed uneven distribution on both natural 
and artificial substrata in all the three ponds (Table-3a, 3b, 3c, 5a, 5b, 
8& 5c). On natural substrata, its highest population density (21 
No./cm2) was recorded in pond II during May, 2007, whereas on 
artificial substrata, highest number (16 No./cm^) was recorded on 
wood surface in the same pond during October, 2007. 
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Asplanchna sp. : Body is illoricate, transparent and with thin cuticle. 
Body shape may be sacciform or bell shaped or with humps or 
projections. Foot is absent. Corona is comprised of a broken single 
ring of cilia (Sharma, 1998a) (PLATE-XII). Asplanchna showed its 
presence only on natural substrata in all the three ponds (Table-3a, 
3b, 3c). It showed its highest number (16 No./cm2) in July, 2007 in 
pond I and in October, 2007 in pond II. 
Polyarthra sp. : Body is illoricate and slightly flattened 
dorsoventrally. Corona is with a circumapical band on cilia and two 
cylindrical ciliated antennae (Sharma, 1998a) (PLATE-XIll). This 
species was found only on natural substrata in pond 1 and pond II 
(Table-3a, 3b, 3c). On natural substrata, its highest number (II 
No./cm^) was recorded in pond II in April, 2008. In pond III, it was 
found to be totally absent throughout the study period on both 
natural and artificial substrata. 
Filinia longiseta : Body is thin, barrel shaped and with two long 
movable antero-lateral setae and one long immovable posterior seta 
usually folded ventrally (Sharma, 1998a) (PLATE-XIII). Filinia longiseta 
showed its presence only on natural substrata in all the three ponds 
(Table-3a, 3b, 3c). Its highest population density (21 No./cm^) was 
recorded in pond II during April, 2008. 
Filinia terminalis : Body is thin, cylindrical and with two movable 
antero-lateral setae and one immovable posterior seta (Sharma, 
1998a) (PLATE-XIII). Filinia terminalis was found only on natural 
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substrata in pond I and pond II (Table-3a, 3b, 3c).. In pond I, its 
highest number (11 No./cm^) was observed during May, 2007, August 
2007, October 2007 and January, 2008, whereas in pond II, highest 
number (16 No./cm^) was recorded during May, 2007, March, 2008 
and April, 2008. In pond III, it was found to be totally absent on both 
natural and artificial substrata throughout the study period. 
Lecane quadridentata : Lorica range from broadly ovate to pyriform. 
Anterior dorsal margin has two out-curved spines. The ventral margin 
with V-shaped sinus and its external angles are produced into minute 
frontal spines. Toe is long and with parallel sided claw pointed with 
two basal spicules (Shiva, 2004) (PLATE-XIV). This species was found 
only on natural substrata in pond I and pond II. Highest number (11 
No./cm^) was recorded in pond II in May, 2007. It was found to be 
totally absent in pond III (Table-3a 85 3b). 
Lecane bulla : Lorica is oblong-ovate, anterior dorsal margin has a 
shallow sinus, anterior ventral margin with deep sinus. Ventral plate 
equally broad or slightly narrower than dorsal plate toes, long and 
terminating into a long and pointed claw, claw vnth a distinct median 
line but undivided (Shiva, 2004) (PLATE-XIV). This species was found 
to be present on both natural and artificial substrata (Table-3a, 3b, 
3c, 5a, 5b & 5c). On natural substrata, its highest number 
(21No./cm2 )was recorded during September, 2007 in pond I , whereas 
on artificial substrata, highest density (16 No./cm^) was recorded on 
wood surface during June, 2007 in pond I and during May, 2007 and 
January, 2008 in pond II. 
Lecane luna : Lorica range from ovate to sub circular in outline and 
dorsal plate is broader than ventral plate. Anterior ventral sinus is V-
shaped with cusp-shaped external angles. Toes are stout, parallel 
sided and slightly swollen at their bases, claws with basal spicule 
(Shiva, 2004) (PLATE-XIV). This species was found only on natural 
substrata in all the three ponds (Table-3a, 3b, 3c). Highest number 
(16 No./cm2) was recorded during July, 2007 in pond I and during 
June, 2007, November, 2007, February and March, 2008 in pond II 
(PLATE-XIV). 
Lecane lunaris : Lorica is broadly ovate and anterior margin is with a 
siiallow lunate sinus. Dorsal plate is semi-circular to pear-shaped 
whereas ventral plate is broadly oval and narrower than dorsal plate. 
Toe is long and parallel sided, claw with a median furrow and two 
basal spicules (Shiva, 2004) (PLATE-XIV). This species was found to 
be present on both natural and artificial substrata in all the three 
ponds (Table-3a, 3b, 3c, 5a, 5b, 5c). On natural substrata, its highest 
number (16 No./cm^) was recorded in pond I during October, 2007. 
On artificial substrata, its highest number (16 No./cm^) was recorded 
on stone surface in May, 2007 in pond I and on wood surface in April, 
2008 m pond II. 
Lecane unguitata : Lorica is broadly circular with relatively small 
anterior opening. Anterior dorsal margin is straight and anterior 
ventral margin undulate with deep median sinus and rounded 
external angles. Dorsal plate pyriform, truncate posteriorly and 
smaller than ventral plate. Claw is pointed with indistinct furrow and 
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wit±i two basal spicules (Shiva, 2004) (PLATE-XIV). This species was 
found to be present only on natural substrata in pond I and pond II 
(Table-3a 85 3b). Its highest number (11 No./cm^) was recorded in 
pond I during May and July, 2007. In pond III it was found to be 
totally absent on natural and artificial substrata throughout the study 
period. 
Lepadella sp.: Body is small with two sharp, dagger like toes and two 
lateral eyes (Needham and Needham, 1962) (PLATE-XIV). This species 
was found to be present only on natural substrata in all the three 
ponds (Table-3a, 3b, 3c). Its highest number (11 No./cm^) was 
recorded in pond II during, May 2007 and during June, 2007 in pond 
III. 
Rotaria sp.: Corona has two circular retractile lobes. Eye is in 
proboscis (Needham and Needham, 1962) (PLATE-XV). This species 
was found to be present on natural and artificial substrata in pond I 
and pond II. On natural substrata, its highest number (11 No./cm^) 
was recorded during June and December, 2007 in pond I and during 
March, 2008 in pond II. On artificial substrata, its highest number (21 
No./cm2) was recorded on wood surface in pond I during June , 2007. 
It was found to be totally absent on natural and artificial substrata in 
pond III throughout the study period (Table-3a, 3b, 5a & 5b). 
Colurella sp. : Lorica is laterally compressed and consists of a single 
plate (Shiva, 2004) (PLATE-XV). Colurella sp. was found to be present 
on both natural and artificial substrata in all the three ponds (Table-
3a, 3b, 3c, 5a, 5b & 5c). On natural substrata, its highest number (21 
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No./cm2) was noted in pond, I in June, 2007, whereas on artificial 
substrata, its highest number (11 No./cm2) was recorded during June, 
2007 on stone surface in pond I and during February 2008 and April, 
2008 on wood surface in pond II. 
Ascomorpha sp. : Lorica is sac-shaped and not compressed 
(Needham and Needham, 1962). Foot is present (Sharma, 2001) 
(PLATE-XV). Ascomorpha sp. was found only on natural substrata. 
Highest number (21 No./cm^) was noted in pond II in September, 
2007. It was found totally absent on all the three artificial substrata in 
all the three ponds throughout the study period (Table-3a, 3b, 3c). 
Philodina sp. : Corona has two circular retractile lobes. Eye is 
present in neck (Needham and Needham, 1962) (PLATE-XV). This 
species was found to be present only on natural substrata in all the 
three ponds (Table-3a, 3b, 3c). Its highest number (16 No./cm^ was 
recorded in pond I during April, 2008. 
Asplanchnopus sp. : Cuticle is delicate and foot is very small 
(Needham and Needham, 1962) (PLATE-XV). This species showed its 
presence only on natural substrata in all the three ponds (Table-3a, 
3b, 3c). Its highest number (16 No./cm^) was recorded during 
October, 2007 in pond I, and during June, 2007 in pond II. 
Protozoa: Protozoa meaning "first animals" are heterotrophic, single-
celled or colonial eukaryotes. Individuals are microscopic and range in 
size from a few to hundreds of micrometers depending on the species. 
Most protozoans are animal like (heterotrophic) because their carbon 
114 
and energy must be obtained by eating or absorbing organic 
compounds originating from other living organisms. Several species of 
protozoa belonging to the group flagellates, suctorians, peritrichs etc. 
can be found colonizing zooplankton organisms. Protozoa are an 
important food source for micro-invertebrates. Thus, the ecological 
role of protozoa in the transfer of bacterial and algal production to 
successive trophic levels is important. Many species make up 
zooplankton, a population of organisms that constitute one of the 
primary sources of energy in aquatic ecosystems. They are at the 
beginning of the food chain. They live in many different environments, 
they can drift in the ocean, creep across vegetation in fresh water 
rivers and ponds, crawl in deep soil, and even reproduce inside the 
bodies of other organisms. 
Protozoa is represented by the species of Centrophyxis sp., 
Paramecium sp., and' Vasicola sp. These genera were found on natural 
and artificial substrata throughout the study period (Table-3a, 3b, 3c, 
5a, 5b & 5c). Protozoan population on natural substrata ranged from 
minimum (5 No./cm2) in June, 2007, July, 2007 and January, 2008 
to maximum (16 No./cm^) in May, 2007 and December, 2008 in pond 
I, (5 No./cm2) in June, 2007, September, 2007, October 2007, 
January 2008 and March, 2008 to maximum (26 No./cm^) in April 
2008 in pond II and (5 No./cm2) in July 2007, August 2007, November 
2007, February 2008 and March 2008 to maximum (21 No./cm2) in 
May, 2007 and June ; 2007 in pond 111. 
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On wood surface its population ranged from (5 No./cm^) in 
September, 2007, October, 2007, January, 2008, and April, 2008 to 
maximum (27 No./cm^) in May, 2007 in pond I, (10 No./cm^) in 
February, 2008 to maximum (48 No./cm^) in December, 2007 in pond 
II and (5 No./cm2) in June and July, 2007 and January, 2008 to 
maximum (16 No./cm^) in November, 2007 in pond III. 
On stone surface, its population ranged from minimum (5 No./cm^) in 
May, 2007and July, 2007 to maximum (27 No./cm2) in January, 2008 
in pond I, (5 No./cm^) in June, 2007, September, 2007 and April, 
2008 to maximum (22 No./cm^) in December, 2007in pond II and 
(5 No./cm2) in July and September, 2007 to maximum (10 No./cm^) in 
May, 2007, October, 2007, November, 2007 and December 2007 in 
pond III. 
On glass slide surface, its population ranged from minimum 
(5 No./cm2) in February, 2008 and April, 2008 to maximum 
(10 No./cm2) in June, 2007 and November, 2007 in pond I, 
(5 No./cm2) in June, 2007, February, 2008, March, 2008 and April, 
2008 to maximum (16 No./cm2) in December, 2007 in pond II and 
(5 No./cm2) in May, 2007, November,2007 and December, 2007 to 
maximum (10 No./cm2) in October, 2007 in pond III. 
Centrophyxis sp. : Cells are with fmger-like cytoplasmic projections 
and encrusted with sand grains on body (Needham and Needham, 
1962) (PLATE-XIX). Its distribution was found on both natural and 
artificial substrata in all three ponds (Table-3a, 3b, 3c, 5a, 5b & 5c). 
On natural substrata Highest population density was recorded in 
pond II (16 No./cm2) during April, 2008, whereas among artificial 
substrata, its highest density (21 No./cm^) was recorded on wood 
surface in December,2007 in pond II. 
Paramecium sp. : It is a ciliated single celled creature. Species of 
Paramecium can be distinguished from other ciliates by their cigar or 
slipper shapes and the undulating membrane within the peristome - a 
furrow that leads to the cytosome, where food vacuoles are formed 
(Needham & Needham, 1962) (PLATE-XIX). Distribution of these 
species for all the three ponds is given in Tables (3a, 3b, 3c, 5a, 5b Ss 
5c). Highest number of Paramecium species was found in pond I and 
pond III (11 No./cm2) during May, 2007 in both ponds on natural 
substrata, whereas among artificial substrata highest density 
(27 No./cm2) was recorded on wood surface in December, 2007 in 
pond II. 
Vasicola sp. : No bulging vesicle at rear (Edmondson, 1959). Cilia 
present throughout active (unencysted) life, no suctorial tentacles 
(PLATE-XIX). Vasicola sp. showed its presence only on natural 
substrata in all three ponds (Table-3a, 3b, 3c). Maximum number of 
vasicola sp. was observed in pond I (16 No./cm^) during December, 
2007. 
Cladocera: Based on traditional morphological analysis, cladocera is 
now regarded as an artificial group representing four orders of 
Branchiopoda, namely Ctenopoda, Anomopoda, Onychopoda and 
Haplopoda (Korovehinsky, 2000). This group is incorporated in 
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different sub classes of Crustacea (Starobogator, 1986 and Fryer, 
1987). The importance of cladocera in the trophic dynamics of 
freshwater ecosystems, being the main component of zooplankton, has 
long been recognized (Sinha 85 Khan, 1998). Cladocera comprise a 
group of primitive crustaceans to which the general name of 
'Entomostraca' was formerly applied. The members of this group are 
also commonly termed as 'water fleas' because of their characteristic 
jerky' swimming action of locomotion (Dodson and Frey, 1991). 
Planktonic cladocerans in general, are capable of hundred fold 
variation in population size, with peaks of abundance generally 
coinciding with periods of algal bloom. Gulati (1978) stated that if the 
food supply is high or increasing for a stretch of time, cladocera 
usually build up high number and biomass to dominate lake 
zooplankton. The cladoceran fauna of India appears to be reasonably 
rich and diversified. Significant work has been done on these 
organisms by Sharma and Sharma (1990), Sharma (1991 and 2001), 
Dumont (1994), Shiel (1995), Ingram et al. (1997), Olesan (1998), 
Sinha and Khan (1998) and Negra et al. (1999), Parveen (2003), Ganai 
(2008), Ansari (2009). Significant differences in the species density 
were noted in different ponds. 
Cladocera is represented by species of Daphnia, Bosmina, Moina, 
Diaphanosoma and Ceriodaphnia. They were only found on natural 
substrata throughout the study period in all the three ponds (Table-
3a, 3b, 3c). Highest population density (103 No./cm^) of this group 
was recorded in pond II during January, 2008. Population density of 
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cladocera ranged from minimum (5 No./cm^) during July, 2007, 
August, 2007, March, 2008 and April, 2008 to maximum (48 No./cm2) 
in January, 2008 in pond 1, (10 No./cm^) during September, 2007, 
October, 2007 and April, 2008 to maximum (103 No./cm^) in 
January, 2008 in pond II and (5 No./cm2) during June , 2007 and 
April, 2008 to maximum (54 No./cm^) in December, 2007 in pond III. 
Maximum cladoceran density during winter was also reported by 
Khan and Siddiqui (1974), whereas Khan et al. (1986) have reported 
higher numerical strength of cladocera during summer. 
Daphnia similis : It has a long shell spine [Edmondson, 1959) 
(PLATE- XVII). Daphnia similis showed irregular distribution in all the 
three ponds (Table-3a, 3b, 3c). Highest population density (16 
No./cm^) of Daphnia similis was observed during November, 2007 in 
pond I and in February, 2008 in pond II. 
Daphnia rosea : Its shell spine is slender and weak. This species 
frequently bears a low rounded crest on the dorsal margin of the head 
but produced into helmet (Edmondson, 1959) (PLATE-XVll). It was 
found to be totally absent from June, 2007 to October, 2007 in pond I, 
in May 2007, June, 2007 and from July, 2007 to September, 2007 in 
pond II and from August 2007 to October, 2007 in pond III. Highest 
population density of Daphnia rosea was (11 No. /cm^) was recorded 
during January, 2008 in pond I, in January, 2008 and February, 
2008 in pond II and in November, 2007 in pond III (Table-3a, 3b, 3c). 
Daphnia pulex : Anterior margin of head is broadly rounded and 
sometimes almost a straight line, normal to body axis, in lateral view 
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(Edmondson, 1959) (PLATE-XVII). Its highest population density (27 
No./cm2) was recorded in pond II during January, 2008 (Table-3a, 3b, 
3c). 
Moina macrura: Body is thick and heavy. Antennules are large, 
movable and arising from flat ventral surface of head. It is commonly 
found in muddy pools and eutrophic ponds (Sharma, 2001) (PLATE-
XVI). It had uneven density distribution in all the three ponds (Table-
3a, 3b, 3c). Highest number (21 No./cm^) of this species was recorded 
in pond II during December, 2007 and February, 2008. It was found 
to be totally absent from May 2007 to October, 2007 in pond I and in 
pond III, from May, 2t)07 to July, 2007. 
Bosmina longirostris: Antennules are almost parallel to each other, 
curving backward. Post abdomen is almost quadrate with terminal 
anus. Oral denticles are small and inconspicuous (Sharma, 2001) 
(PLATE- XVI). This species was found irregular in distribution in all 
the three ponds (Table-3a, 3b, 3c). Highest population density of 
Bosmina sp. was recorded in pond II (15 No./cm^) during December, 
2007. 
Diaphanosoma sari: It has a terminal olfactory setae. Post abdomen 
is without anal spines (Pennak, 1978). Ocellus is absent (Edmondson, 
1959). It is limnetic in nature (Sharma, 2001) (PLATE-XVII). It showed 
more density in pond I and II than pond III (Table-3a, 3b, 3c). Highest 
population density of Diaphanosoma sp. was (16 No./cm^) recorded in 
pond II during January, 2008. 
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Ceriodaphnia reticulata: Body is rounded to oval and usually 
terminating posteriorly into a sharp dorsal angle or short spine. Head 
is small and depressed. It is limnetic in nature (Sharma, 2001) 
(PLATE-XVl). It was more or less uniformly distributed in all the three 
ponds (Table-3a, 3b', 3c) showing highest number (21 No./cm^) in 
pond II during February, 2008. 
Copepoda: Copepods are very ancient arthropods and the diminutive 
relatives of crabs and shrimps. In terms of their size diversity and 
abundance they are often called Vater fleas' (Reddy, 2001). Till now 
over 10,000 copepod species are known including thousands of free 
living species with highly varying body shapes and a large number of 
parasitic and semi-parasitic forms with extremely reduced morphology 
(Reddy, 2001). They are significant primary and secondary consumers 
in aquatic food chains thus their grazing contributes to the transfer of 
algal primary production to higher trophic levels. 
Vast literature exists on the diversity of copepods like those of 
Rajendran (1973), Mamaril and Fernando (1978), Fernando (1980), 
Swar and Fernando (1980), Dussert and Fernando (1985), Hazarika 
and Dutta (1988), Reddy (1994 8B 2001), Nayer et al (1999), Pathak 
and Mudgal (2002), Prakash et al. (2002), Sharma and Lyghdon 
(2003), Sharma and'Lyngoskar (2003), Jeelani et al. (2004), Surkad 
(2004), Menzar et al. (2005), Rao et al. (2006) and Ansari et al. 
(2007a), Ganai (2008) and Ansari (2009). 
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Copepods were represented by cyclops, and diaptomus. This group 
was only found on natural substrata, whereas on artificial substrata, 
it was found to be totally absent in all the three ponds (Table-3a, 3b, 
3c). Copepoda population density ranged from 5 during June, 2004, 
July, 2007, September, 2007 and March, 2008 to 27 No./cm2 in 
December, 2007 in pond I, 10 in April, 2008 to 53 No./cm^ in 
January, 2008 in pond II and 5 during June, 2007 and April, 2008 to 
54 No./cm2 in December, 2007 in pond III. Although copepods exist 
under a wide range of environmental conditions, yet many species are 
limited by temperature, dissolved oxygen and other physico-chemical 
factors (Mahajan, 1981). Seasonal variations in this group have been 
reported by Patil and Goudar (1985) and Kaushik and Sharma (1997). 
According to Chen (1965), seasonal changes in temperature cause the 
seasonal fluctuations of copepods. Among the representative species 
of copepods, Cyclops viridis dominated the group in all the three 
ponds (Table-3a, 3b, 3c). 
Cyclops viridis : Caudal setae are four in number and unequal in 
length. Innermost terminal caudal setae are much longer than ramus 
(Edmondson, 1959). Its furcal rami (F4) are with thickened ridge on 
dorsal side and P5 first segment is not expanded laterally (Sharma, 
2001). It is planktonic in nature (Sharma, 2001) (PLATE- XVIII). Its 
highest number (21 No./cm2) was noted in pond II during December, 
2007. This species showed uneven distribution in all the three ponds 
(Table-3a, 3b, 3c). 
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Diaptomus sp. : Terminal caudal setae are four in number and more 
or less equal in length (Edmondson, 1959) (PLATE-XVIII). It is 
planktonic in nature (Sharma, 2001). This species was found on 
natural substrata in all the three ponds (Table-3a, 3b, 3c). Its highest 
number (11 No./cm^) was recorded during December, 2007 in pond I 
and pond III and during January, 2008 in pond II. 
Eggs and Nauplii: During present study, different developmental 
stages of zooperiphyton were recorded together as eggs and nauplii. 
Larval morphology is not known in most species of copepods. Sub-
adult copepods, especially in cyclopoids, are usually mistaken for 
adults by the beginners. Hence, it is necessary to differentiate an 
immature individual from its adults (Reddy, 2001). Copepod hatch 
into a small compact active free swimming larva called nauplii, which 
has three pairs of appendages (Pennak, 1978). There are altogether six 
successive naulplier stages, which feed, grow, moult and acquire 
further appendages (Wetzel, 1983). After six nauplier moults, an 
enlarged and more elongated form of the first copepod instar develops. 
There are five copepodite stages during which additional appendages 
on the body segments develop. The sixth and final copepodite stage is 
adult (Reddy, 2001). The time required to complete juvenile stage is 
highly variable depending upon various environmental conditions 
(Wetzel, 1983). 
In the present investigations, nauplier stages were observed 
throughout the period of investigations. Only slight differences were 
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observed in the number of nauplii in the ponds. This shows that 
reproduction in copepods is carried out throughout the year. Pennak 
(1978) has also reported that reproduction in some species of 
copepods is carried out throughout the year having three or more 




Diversity is a concept that refers to the range of variations or 
differences among some set of entities. Biological diversity thus refers 
to the variety within the living world. The term 'biodiversity' is indeed 
commonly used to describe the number, variety and variability of 
living organisms. Biological diversity" or "biodiversity" can have many 
interpretations and it is most commonly used to replace the more 
clearly defined and long established terms, species diversity and 
species richness (WCMC, 1992). Biologists most often define 
biodiversity as the "totality of genes, species, and ecosystems of a 
region". Perhaps, because the living world is most widely considered in 
terms of species biodiversity is very commonly used as a s3aionym of 
species diversity in particular of species richness which is a number of 
species in a site or habitat. Species may be exterminated by man 
through a series of effects and agencies. These may be divided into 
two broad categories, direct (hunting, collection and persecution) and 
indirect (habitat destruction and modification) (WCMC, 1992). 
Species diversity: Species diversity is one of the basic concepts of 
ecology that has been used to characterize communities and 
ecosystems. At first glance, the concept appears to be rather simple 
but ecologists and mathematicians have been searching for ways to 
express the various aspects of diversity since 1922 (Gleason, 1922). 
Species diversity increases as the number of species per sample 
increases and as the abundance of species within a sample becomes 
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more even (Pielou, 1969 and Kricher, 1972). Same relationship was 
also observed in case of plantperiphyton on natural substrata in the 
present study as species diversity showed positive and significant 
correlation with evenness in pond I and pond II on natural substrata 
(r = 0.6454 and r = 0.970 respectively), whereas in pond III it was 
positive correlation (r = 0.263) (Fig. 17a). On artificial substrata, on 
wood surface species diversity showed significant positive correlation 
in all the three ponds (r = 1.00 in pond I, pond II and pond III) (Fig. 
17b), and on stone surface, it showed positive correlation in pond I 
and pond III (pond I: r = 0.113 and pond III: r = 0.417) (Fig. 17c), 
whereas in pond II it showed negative correlation (r = -0.468). On the 
glass slide surface, it was found positively correlated with 
plantperiphyton evenness in pond II and pond III, whereas in pond I it 
was negatively correlated (pond I: r = -0.123, pond II: r = 0.094 and 
pond III: r - 0.164) (Table-11; Fig.l7d). 
Species diversity showed significant positive correlation with evenness 
in case of Zooperiphyton in pond I on natural substrata (r = 0.777) and 
positive correlation in pond III, whereas negative correlation in pond II 
(pond II: r = -0.065 and pond III: r = 0.319) (Fig. 17a). On wood 
surface it showed positive correlation in pond I and pond II (pond I: 
r = 0.417 and pond II: r = 0.471) and negative correlation in pond III 
(r = -0.251) (Fig. 17b) and on stone surface, it showed significant 
positive correlation in pond III and positive correlation in pond I and 
pond II (pond I: r = 0.251, pond II: r = 0.093 and pond III: r = 0.843) 
126 
(Fig. 17c). On glass slide surface, it showed significant positive 
correlation in pond I and pond III (pond I: r = 0.939, pond III: 
r = 0.797), whereas in pond II, it showed significant negative 
correlation with evenness in case of zooperiphyton (r = -0.651) 
(Tablell; Fig. 17d). Positive significant correlation between species 
diversity and evenness indicated higher diversity where there is more 
equitable abundance of different species. 
The term evenness originates from the biological sciences, more 
particular from ecological studies (Magurrun, 1991 and Nijssen et at, 
1998). Magurrun (1991) described evenness roughly as how equally 
abundant species are. More precisely, evenness is a measure for the 
relative apportionment of abundance among the species present. 
Species evenness as species is more evenly distributed in a sample 
such that maximum evenness is obtained when all the species are 
equally abundant (De Jong, 1975). Species evenness (equitably) is also 
a parameter which indicates relative awareness of the various species 
in a sample (De Jong, 1975). 
Correlation between species diversity (Shannon-Wiener's index) and 
some physico-chemical parameters were also determined. In case of 
plantperiphyton, species diversity showed strong negative correlation 
with water temperature on wood surface and stone surface in pond I 
(wood: r = -0.804, stone: r = -0.828) and only on stone surface in pond 
II (r = -0.755) (Fig. 8c). With pH, showed strong positive correlation on 
wood surface in pond II (r = 0.685), whereas on natural substrata, it 
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showed strong negative correlation in pond I (r = -0.719) (Fig. l ib ) . 
With PO4-P, it showed strong positive correlation on natural substrata 
in pond I (r = 0.579) (Fig. 13b). With dissolved oxygen, it showed 
strong positive correlation on wood surface and stone surface in pond 
I (wood; r = 0.800 and stone: r = 0.852) (Fig. 12b). Relationships 
obtained with other physico-chemical parameters are given in 
(Table-11). 
Correlation of species diversity (Menhinick's Index) with some physico-
chemical parameters for plantperiphyton was also carried out. Species 
diversity showed significant negative correlation with water 
temperature on stone surface in pond I (r = -0.833) (Fig. 8d). With pH, 
it showed positive correlation on both natural and artificial substrata 
in pond 1, whereas on wood and stone surfaces of pond II and pond III, 
it showed negative correlation (pond II: natural substrata: r = -0.348, 
wood: r = -0.167, pond III: natural substrata: r = -0.283, wood: 
r - -0.280) (Fig. l ie) . With PO4- P, it showed significant negative 
correlation on wood surface in pond II (r = -0.616) (Fig. 13c), whereas 
with dissolved oxygen, it showed strong positive correlation on stone 
surface in pond I (r = 0.752) (Fig. 12c). Relationships obtained with 
other physico-chemical parameters are given in (Tables- 11). 
In case of zooperiphyton, species diversity (Shannon-Wiener's index) 
showed strong positive correlation on natural substi-ata, wood surface 
and stone surface in pond I (natural substrata: r = 0.677, wood: 
r = 0.640 and stone; r = 0.585) (Fig. 8c). With pH, it showed strong 
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negative correlation on natural substrata in pond III (r = -0.596) and 
on artificial substrata in pond 1 (wood: r = -0.595, stone: r = -0.678 
and glass: r = -0.616) (Fig. lib). With dissolved oxygen, it showed 
strong negative correlation on natural substrata and wood surface in 
pond 1 (natural substrata: r = -0.740, wood: r = -0.654) (Fig. 12b), 
whereas with NO3-N, it showed significant positive correlation on 
natural substrata in pond 11 and pond 111 (pond II: r = 0.680, pond III: 
r = 0.646) (Fig. 14b). Relationships obtained with various physico-
chemical parameters are given in (Tables- 11). 
Species diversity (Menhinick's index), in case of zooperiphyton, showed 
strong positive correlation with water temperature on wood surface in 
pond I (r = 0.619) (Fig. 8d). With pH, it showed strong negative 
correlation on natural substrata in pond III (r = -0.696), and on wood 
and stone surfaces in pond I (wood: r = -0.623 and stone: r = -0.655) 
(Fig. lie). It showed strong positive correlation with NO3-N on natural 
substrata in pond II and III (pond II: r = 0.732 and pond III: r = 0.680) 
(Fig. 14c), whereas with dissolved oxygen, it showed strong negative 
correlation on natural substrata and wood surface in pond I (natural 
substrata: r = -0.604, and wood: r = -0.604) (Table-11; Fig. 12c). 
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Diversity Indices 
1. Species diversity 
A. Shannon-Wiener's index of diversity 
Values of species diversity for Plantperiphyton and Zooperiphyton both 
on natural and artificial substrata in all three ponds are given in 
Tables (6a, 6b 86 6c). 
Pond I:The value of Shannon-Wiener Index for plantperiphyton on 
natural substrata in Pond 1 varied from minimum (3.496) in 
September, 2007 to maximum (3.906) in the month of May, 2007. In 
pond 1, the Shannon-Wiener's Index value of zooperiphyton varied 
from minimum (2.102) in February, 2008 to maximum (3.452) in the 
month of May, 2007. The Shannon-Wiener's index values of 
plantperiphyton and zooperiphyton on natural substrata, in all the 
three ponds, are given in (Table - 6a). 
The values of Shannon-Wiener's index for plantperiphyton on wood 
surface in pond I varied from minimum (2.424) in May, 2007 to 
maximum (3.257) in the month of January, 2008. Its values on stone 
surface, showed a range from (2.119) in September, 2007 to (2.978) in 
January, 2008. The Shannon-Wiener's index value of plantperiphyton 
on glass slide surface, ranged from minimum (1.878) in August, 2007 
to maximum (2.779) in February, 2008 (Table-6b). 
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The Shannon-Wiener's index values for zooperiphyton on wood 
surface, ranged from minimum (0.620) in December, 2007 to 
maximum (2.595) in May, 2008. On stone surface, the values of The 
Shannon-Wiener's index for zooperiphyton varied from minimum 
(0.6931) in October, 2007 to maximum (2.780) in the month of May, 
2007. The Shannon-Wiener's index value for zooperiphyton on glass 
slide surface, ranged from 0.0 during September, October, December 
2007, and January, February and March 2008 to 1.386 in April, 2008 
(Table- 6c). 
Pond II: The Shannon-Wiener's index values for plantperiphyton on 
natural substrata in pond 11, varied from minimum (3.603) in 
February, 2008 to maximum (3.941) in December, 2007. Values for 
zooperiphyton, on natural substrata varied from minimum (2.743) in 
September, 2007 to maximum (3.501) in the month of May, 2007 
(Table- 6a). 
Values for plantperiphyton on wood surface, ranged from minimum 
(2.469) in September, 2007 to maximum (3.375) in July, 2007. On 
stone surface, the values varied from minimum (2.604) in April, 2008 
to maximum (3.375) in July, 2007. The values for glass slide surface, 
varied from minimum (2.343) in April, 2008 to maximum (3.214) in 
the January, 2008 (Table- 6b). 
The Shannon-Wiener's index values for zooperiphyton on wood surface 
varied from minimum (1.589) in April, 2008 to maximum (2.519) in 
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May, 2007. On stone surface its value varied from minimum (1.313) in 
the months of August, 2007 and October, 2007 to maximum (2.416) 
in December, 2007. Values for zooperiphyton on glass slide surface 
varied from minimum (0.6931) in the months of August, 2007, 
February, 2008, March, 2008 and April, 2008 to maximum (2.228) in 
December, 2007 (Table- 6c). 
Pond III: The Shannon-Wiener's index values on natural substrata, 
varied from minimum (3.196) in August, 2007 to maximum (3.711) in 
April, 2008, whereas its values for zooperiphyton, on natural 
substrata, varied from minimum (2.280) in February, 2008 to 
maximum (3.322) in May, 2007 (Table- 6a). 
The Shannon-Wiener's index value for plantperiphyton on vv^ ood 
surface, varied from minimum (2.930) in March, 2008 to maximum 
(3.412) in May, 2007. On stone surface, its values varied from 
minimum (2.562) in July, 2007 and August, 2007 to maximum 
(3.075) in November, 2007. On glass slide surface, the values varied 
from minimum (2.285) in February, 2008 to maximum (3.017) in May, 
2007 (Table- 6b). 
The Shannon-Wiener's index value for zooperiphyton on wood surface 
varied from minimum (1.098) in March, 2008 to maximum (1.995) in 
December, 2007. On stone surface, its values varied from zero in the 
month of February, 2008 and March, 2008 to maximum (2.120) in 
December, 2007. On glass slide surface, the values varied from zero in 
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the months of September, 2007 and March, 2008 to maximum (1.788) 
m the month of May, 2007 (Table- 6c). 
Relatively higher diversity of phytoplankton in the wraterbodies 
indicates the low fertility of the ecosystem (Margalef, 1964, 1968). 
Wilhm (1970) implied that a high value of diversity index (HD) 
suggests a more healthy ecosystem, while a low value suggests a less 
healthy or degraded ecosystem. Elber and schanz (1989) also reported 
that high diversity index is recorded in oligotrophic lakes while low is 
recorded in eutrophic lakes. From that aspect, the diversity should 
decrease from oligotrophy toward eutrophy. They were also of the view 
that increase in diversity was a result of nutrient availability 
increasing pressure. In the present investigations, highest diversity 
index i.e. Shannon-wiener's Index was found in pond II for 
plantperiphyton (3.941), this indicates that pond II is in more 
eutrophic than pond I and pond III. Low diversity values were strongly 
affected by the most abundant species. Diversity was reduced to 
minimal levels by competitive exclusion or some other biotic 
interaction that can result in steady state assemblages (Naselli-Flores 
et ai, 2003; Rojo and Alvarez-Cobelas, 2003). Shannon-Wiener's 
Index is maximum when all the species in a sample are equally 
abundant and decreased towards zero as the relative abundance of 
species diverse away from the evenness (Ismail and Dorggham, 2003). 
Statistically, plantperiphyton species diversity (Shannon-wiener's 
index) showed significant positive correlation with zooperiphyton 
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diversity on all the three artificial substrata in pond III (wood: 
r = 0.685, stone: r =0.633 and glass: r =0.724), whereas in pond I, it 
showed significant negative correlation only on wood surface 
(r = -0.686) (Table-11; Fig. 16a, 16b, 16c 8B 16d). 
From much evidencq both from our results and literature, it can be 
deduced that indices of diversity are weak indicator of trophic status. 
The diversity indices can well characterize differences between 
assemblages and associations. However, the factors, which influence 
diversity, are seldom governed by trophic state. Any disturbance in 
the environment or any shift inside the food chain pattern can cause 
marked changes in the composition of plantperiphyton and in the 
values of Shannon-Wiener's diversity index. Thus, it is almost 
impossible to state the ranges for values of the index which would be 
characteristic for the particular levels of the trophic gradient. 
Menhinick's index of diversity 
The Menhinick's Index values for plantperiphyton and zooperiphyton 
found on both natural and artificial substrata in all the three ponds 
are given in Tables (7a, 7b & 7c). 
Pond I: The Menhinick's index value for plantperiphyton found on 
natural substrata in pond I, varied from minimum (1.791) in January, 
2008 to maximum (2.205) in October 2007. Its values for 
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zooperiphyton, varied from minimum (1.317) in February, 2008 to 
maximum (2.147) in October, 2007 (Table-7a). 
The Menhinick's index values for plantperiphyton, found on wooden 
block surface in pond I, ranged from minimum (1.324) in June, 2007 
to maximum (2.023) in October, 2007. On stone surface its value 
varied from minimum (1.276) in July, 2007 to maximum (1.809) in 
December, 2007, whereas on glass slide surface, its value varied from 
minimum (1.051) in April, 2008 to maximum (1.564) in June , 2007 
(Table-7b). ' 
The Menhinick's index value for zooperiphyton on wooden block 
surface in pond I varied from minimum (0.655) in October, 2007 to 
maximum (1.133) in July, 2007. On stone surface, its value varied 
from minimum (0.531) in January, 2008 to maximum (1.246) in April, 
2008, whereas on glass slide surface, its values varied from zero in the 
months of January, 2008 and March, 2008, to maximum (1.000) in 
the months of July, 2007 and July, 2008 (Table-7c). 
Pond II: The Menhinick's index value for plantperiphyton found on 
natural substrata varied from minimum (1.745) in June , 2007 to 
maximum (2.185) in the month of September, 2007. The Menhinick's 
index values for zooperiphyton found on natural substrata varied from 
minimum (1.600) in the month of February, 2008 to maximum (2.016) 
in May, 2007 (Table-7a). 
The Menhinick's index value for plantperiphyton on wood surface 
varied from minimum (1.370) in January, 2008 to maximum (1.838) 
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in March, 2008. On stone surface, the values varied from minimum 
(1.452) in September, 2007 to maximum (1.943) in February, 2008, 
whereas on glass slide surface, its value varied from minimum (1.408) 
in April, 2008 to maximum (2.000) in August, 2007 (Table-7b). 
The Menhinick's index values for zooperiphyton found on wooden 
block surface varied from minimum (0.883) in October, 2007 to 
maximum (1.214) in May, 2007. On stone surface the values varied in 
between (0.784) during August and October, 2007 to (1.414) in 
December, 2007, whereas on glass slide surface, its values varied 
from (0.633) in the months of August, 2007, February, 2008, March, 
2008 and April, 2008 to (1.271) in the month of December, 2007 
(Table-7c). 
Pond III: The Menhinick's index values for plantperiphyton found on 
natural substrata var:'-d from minimum (1.913) in August, 2007 to 
maximum (2.676) in the month of April, 2008, whereas its values for 
zooperiphyton, on natural substrata, varied from minimum (1.265) in 
October, 2007 to maximum (2.172) in May, 2007 (Table-7a). 
The Menhinick's index values for plantperiphyton, found on wooden 
block surface varied from minimum (1.655) in August, 2007 to 
maximum (2.191) in May, 2007. On stone surface its value varied 
from minimum (1.266) in September, 2007 to (2.009) in October, 
2007, whereas on glass slide surface, the values ranged from 
minimum (1.354) in February, 2008 to maximum (2.099) in October, 
2007 (Table-7b). 
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The Menhinick's index value for zooperiphyton found on wooden block 
surface varied from minimum (0.895) in February, 2008 to maximum 
(1.344) in November, 2007. On stone surface, the values varied from 
mmimum (0.448) in the months of February, 2008 and March, 2008 
to maximum (1.194;) in December 2007, whereas on glass slide 
surface, the values varied from minimum (0.316) in the months of 
August, 2007 and February, 2008 to maximum (1.097) in the month 
ofMay, 2007 (Table-7c). 
Plantperiphyton species diversity (Menhinick's index) showed 
significant positive correlation with zooperiphyton species diversity on 
glass slide surface in pond 111 (r = 0.760), whereas in pond I, it showed 
significant negative correlation on stone surface (r = -0.588) (Table-11; 
Fig. 16a, 16b, 16c & 16d). 
2. Percentage similarity 
The Sorenson's index values (% species similarity), for plantperiphyton 
and zooperiphyton, found on both natural and artificial substrata, in 
all the three ponds are given in Tables (8a, 8b 85 8c). 
Pond I:The Sorenson's index value for plantperiphyton, found on 
natural substrata in pond 1, varied from minimum (82.0%) in the 
months of April-May, 2008 to maximum (100%) in the month of 
December 2007 and January 2008. Values for zooperiphyton, ranged 
in between (32.43%) in the months of September-October, 2007 to 
(70.17%) in the months of May - June, 2007 (Table- 8a). 
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The Sorenson's index values for plantperiphyton, found on the wooden 
block surface, varied from minimum (51.06%) in the months of 
August-September 2007 to maximum (85.24%) in the months of 
November-December 2007, December 2007 - January, 2008 and 
January-February, 2008. On the stone surface, the values for 
plantperiphyton varied from minimum (14.81%) in the months of May-
June, 2007 to maximum (68.29%) in the months of October-
November, 2007. On glass slide surface, its values varied from 
minimum (29.62%) in the months of May-June, 2007 to maximum 
(51.28%) in the months of December 07 and January, 2008 (Table-
8b). 
The Sorenson's index value for zooperiphyton, on wooden block 
surface was noted minimum (20.0%) in the months of August-
September, 2007, to the maximum (81.81%) in tlie months of May-
June, 2007. On stone surface, its value varied from minimum (25.0%) 
in the months of August, September, 2007 and November-December, 
2007 to the maximum (75.00%) in the month of May-June, 2007, 
whereas on the glass slide surface, the value of Sorenson's index 
varied from minimum (0.0) in all the months except June-July, 2007 
(20%), July-August (57.14%) and April-May, 2008 (57.14%) 
(Table- 8c). 
Pond II: Sorenson's index values for plantperiphyton on natural 
substrata, varied from minimum (92.72%) in the months September-
October, 2007 to m.aximum (100%) in the months December 2007 -
138 
January, 2008, whereas its values for zooperiphyton varied from 
minimum (55.00%) in the months August-September, 2007 to 
maximum (86.48%) in the months May-June, 2007 (Table-8a). 
The Sorenson's index value for plantperiphyton on wooden block 
surface, varied from minimum (71.69%) in the months of March and 
April, 2008 to maximum (95.77%) in the months of December, 2007 
and January, 2008. On stone surface its value varied from minimum 
(47.36%) in the months of July and August 2007, to maximum 
(84.61%) in the months of October and November, 2007. On glass 
slide surface, the values for plantperiphyton varied from minimum 
(30.76%) in the months of April and May, 2008 to the maximum 
(81.63%) in the months of November and December, 2007 (Table-8b). 
The Sorenson's index value for zooperiphyton on wooden block surface 
varied from minimum (40.00%) in the months of March and April, 
2008 to maximum (91.66%) in the months of November and 
December, 2007. On stone surface, its values varied from minimum 
(18.18%) in the months of January and February, 2008 to maximum 
(66.66%) in the mortths of December, 2007 and January, 2008. On 
glass slide surfaces, values of Sorenson's index for zooperiphyton, 
varied from minimum (0.0) in the months of February and March, 
2008, to maximum (77.77%) in the months of December, 2007 and 
January, 2008 (Table- 8c). 
Pond III: the Sorenson's index values for plantperiphyton, on natural 
substrata, varied from minimum (76.92%) in the months of June and 
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July, 2007 to maximum (91.48%) in the months of November and 
December, 2007, whereas its value for zooperiphyton, varied from 
minimum (47.36%) in the months of March and April, 2008 to 
maximum (87.09%) in the months of May and June, 2007 (Table- 8a). 
The Sorenson's index values for plantperiphyton, on wooden block 
surfaces, varied from minimum (57.77%) in the months of March and 
April, 2008 to maximum (92.06%) in the months of November and 
December, 2007. On stone surfaces, its value varied from minimum 
(43.75%) in the months March-April, 2008, to maximum (76.00%) in 
the months of November and December, 2007, whereas on glass shde 
surfaces, the Sorenson's index values for plantperiphyton, varied from 
minimum (32.0%) in' the months of January and February, 2008 to 
the maximum (68.29%) in the m,onths of November and December, 
2007 (Table- 8b). 
The Sorenson's index values for zooperiphyton, on wooden block 
surfaces, varied from minimum (18.18%) in the months of January 
and February, 2008 to maximum (83.33%) in the months of 
September and October, 2007.'On stone surface its values varied from 
minimum (0.0) in the months of July and August, 2007 to maximum 
(82.35%) in the months of November and December, 2007, whereas on 
glass slide surface, its values for zooperiphyton, varied from minimum 
(0.0) in the months of September and October, 2007, July and 
August, 2007, August and September, 2007, December 2007 and 
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January, 2008 and February and March, 2008 to maximum (80% )in 
the months of November and December, 2007 (Table- 8c). 
The variations in species similarities indicated notable temporal 
variations in their community structure. Species similarities 
computed between two consecutive sampling found least for 
plantperiphyton similarity (14.80%) in pond I on stone surface, 
thereby indicating greater heterogeneity between their communities. 
Highest species similarity (100%) was found in pond I and pond II. 
This showed highest homogeneity between communities. 
3. Species dominance 
The values of species dominance (Berger-Parker's index) for 
plantperiphyton and zooperiphyton both on natural and artificial 
substrata in all the three ponds are given in Tables (9a, 9b & 9c). 
Pond I: The values of species dominance for plantperiphyton on 
natural substrata in pond 1, varied from minimum (0.044) in May, 
2007 to maximum (0.877) in August, 2007, whereas the species 
dominance for zooperiphyton varied from minimum (0.074) in May, 
2007 to maximum (0.193) in February, 2008(Table- 9a). 
The Berger-Parker's index value for plantperiphyton, of wood surface, 
varied from minimum (0.082) in November, 2007 to maximum (0.182) 
in July, 2007. On stone substrata, the plantperiphyton, its values 
ranged from minimum (0.081) in December, 2007 to maximum (0.202) 
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in July, 2007, whereas on the glass slide surface, the values of species 
dominance for plantperiphyton varied from minimum (0.083) in May, 
2007 to maximum (0;235) in December, 2007 (Table- 9b). 
The species dominance for zooperiphyton, on wood surface, varied 
from minimum (0.167) in June, 2007 to maximum (0.688) in 
December, 2007. On stone surface, its values varied from minimum 
(0.168) in June, 2007 to maximum (0.516) in the month of November, 
2007 and on the glaiss slide surface, the species dominance, ranged 
from minimum (0.0) in January, 2008 and March, 2008 to maximum 
(1.000) in September, 2007 and October, 2007 (Table- 9c). 
Pond II: The value of Berger-Parker's index for plantperiphyton on 
natural substrata varied from minimum (0.052) in May, 2007 to 
maximum (0.135) in December, 2007, whereas for zooperiphyton, its 
values varied from minimum (0.053) in May, 2007 to maximum 
(0.169) in September, 2007(Table- 9a). 
The species dominance for plantperiphyton, on wood surface, varied 
from minimum (0.690) in March, 2008 to maximum (0.157) in 
September, 2007. On stone surface, its values ranged from minimum 
(0.083) m February, 2008 to maximum (0.186) in March, 2008 and on 
glass slide surface, species dominance varied from minimum (0.050) 
in August, 2007 to maximum (0.180) in April, 2008, whereas for 
zooperiphyton, the species dominance on wood surface varied from 
minimum (0.120) in May, 2007 to maximum (0.306) in August, 2007. 
On stone surface, its value ranged from minimum (0.153) in 
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December, 2007 to maximum (0.423) in August, 2007 and on glass 
slide surface, species dominance varied from minimum (0.125) in 
May, 2007 to maximum (0.500) in the months of August, 2007, 
February, 2008, March, 2008, and April, 2008 (Table- 9b & 9c). 
Pond III: The Berger-Parker's index value for plantperiphyton, on 
natural substrata, varied from minimum (0.050) in April, 2008 to 
maximum (0.116) in December, 2007. The species dominance for 
zooperiphyton, varied from minimum (0.054) in June, 2007 to 
maximum (0.182) in February, 2008 (Table- 9a). 
The Berger-Parker's index values for plantperiphyton on wood surface 
varied from minimum (0.071) in November, 2007 to maximum (0.236) 
in January, 2008 on stone surface, its values for plantperiphyton, 
varied minimum (0.067) in March, 2007 to maximum (0.213) in 
August, 2007 and on glass slide surface, its values ranged from 
minimum (0.048) in May, 2007 to maximum (0.242) in February, 
2008 (Table- 9b). 
For zooperiphyton the species dominance, on wooden block surface, 
varied from minimum (0.125) in June, 2007 to maximum (0.344) in 
December, 2007. On stone surface, its values varied from minimum 
(0.193) in December, 2007 to maximum (1.000) in the months of 
February, 2008 and March, 2008 and on the glass slide surface, the 
species dominance varied from minimum (0.167) in May, 2007 to 
maximum (1.000) in the months of September, 2007 and March, 
2008. Low dominance with relatively lesser fluctuations during the 
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study period indicated lack of any quantitatively dominant 
phytoplankton species in these waterbodies (Table- 9c). 
4. Species Evenness 
Species Evenness values, for plantperiphyton and zooperiphyton both 
on natural and artificial substrata, in all the three ponds are given in 
(Table-6e). 
Pond I: species evenness for plantperiphyton, on natural substrata, 
varied from minimum (0.859) in December, 2007 to (0.948) in July, 
2007, whereas for zooperiphyton, its values ranged from minimum 
(0.846) in February, 2008 to maximum (0.948) in July, 2007 (Table -
10a). 
The species evenness for plantperiphyton, on wooden surfaces, varied 
from minimum (0.796) in May, 2007 to maximum (0.955) in April, 
2008. On stone surfaces, its values ranged from (0.933) in July, 2007 
to (1.134) in April, 2008 and on the glass slide surface, its values 
varied from minimum (0.816) in August, 2007 to maximum (1.366) in 
March, 2008 (Table-10b) . 
For zooperiphyton, on wood surface, its values varied from minimum 
(0.269) in December, 2007 to maximum (1.127) in May, 2007. On 
stone surfaces, its values ranged from (0.837) in April, 2008 to (1.159) 
in May, 2007 and on glass slide surfaces, its values varied from 
minimum [0.0] in the months of September, 2007, October, 2007, 
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December, 2007 to March, 2008 to maximum (1.000) in the months of 
May, 2007 to August; 2007 and November, 2007 (Table - 10c). 
Pond II; Species evenness for plantperiphyton, on natural substrata, 
varied from minimum (0.891) in February, 2008 to maximum (0.967) 
in December, 2007 and its values for zooperiphyton, varied from 
minimum (0.930) in January, 2008 to maximum (0.954) in August, 
2007 (Table - 10a). ' 
The value of species evenness for plantperiphyton, on wood surface, 
varied from minimum (0.767) in September, 2007 to maximum (0.983) 
in July, 2007. On Stone surface, its values varied from minimum 
(0.896) in January, 2008 to maximum (0.964) in April, 2008 and on 
glass slide surface, its values ranged from minimum (0.859) in May, 
2007 to maximum (1.000) in August, 2007. For zooperiphyton, on 
wood surface, its values varied from minimum (0.764) in April, 2008 
to maximum (0.960), in March, 2008. On stone surface, its values 
varied from minimum (0.947) in August, 2007 to maximum (1.000) in 
June, 2007,and on glass side surface, its values ranged from 
minimum (0.968) in December, 2008 to maximum (1.000) in the 
months of May, June, July, August, September, October, 2007, 
February 2008, March and April, 2008 (Table -10b 86 10c). 
Pond III: species evenness for plantperiphyton, on natural substrata, 
varied from minimum (0.896) in December, 2007 to maximum (0.960) 
in March, 2008, whereas for zooperiphyton, its values ranged from 
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minimum (0.889) in February, 2008 to maximum (0.966) in October, 
2007 (Table - 10a). 
The species evenness for plantperiphyton, on wood surface, varied 
from minimum (0.906) in August, 2007 to maximum (0.978) in March, 
2008. On stone surface, its values ranged from minimum (0.886) in 
August, 2007 to maximum (0.993) in March, 2008 and on the glass 
slide surface, its values varied from minimum (0.913) in September, 
2007 to maximum (1.0) in March, 2008. For zoopenphyton, on wood 
surface, its values varied from minimum (0.908) in November, 2007 to 
maximum (1.111) in August, 2007 and April, 2008. On stone surface, 
its values ranged from minimum (0.0) in February, 2008 and March, 
2008 to maximum (1.160) in October, 2007, and on glass slide 
surface, its values varied from minimum (0.0) in the months of 
September, 2007, February to March, 2008 to maximum (1.160) in 
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Statistical brief of various water quality parameters in Pond I, Pond II 
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Fig. Ic. Percent composition of different groups of periphyton on natural substrata in Pond 111. 
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Fig. 2a. Percent composition of different groups of periphyton on wood surface in Pond I. 
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Fig. 2c. Percent composition of different groups of periphyton on wood surface in Pond 111. 
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Fig. 3a. Percent composition of different groups of periphyton on stone surface in Pond 
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Fig. 3b. Percent composition of different groups of periphyton on stone surface in Pond 11. 
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Fig. 4b. Percent composition of different groups of periphyton on glass slide surface in Pond II. 
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Fig. 5a. Histogram showing monthly variations in the population density of various groups of 
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Fig. 5b. Histogram showing monthly variations in the population density of various groups of 
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Fig. 5c. Histogram showing monthly variations in the population density of various groups of 
plantperiphyton on stone surface. 
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Fig. 5d. Histogram showing monthly variations in the population density of various groups of 














































Histogram showing monthly variations in the population density of various groups of 
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Fig. 6b. Histogram showing monthly variations in the population density of various groups of 
zooperiphyton on wood surface. 
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Fig. 6c. Histogram showing monthly variations in the population density of various groups of 
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Fig. 6d. Histogram showing monthly variations in the population density of various groups of 
zooperiphyton on glass slide surface. 
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Fig. 7a. Regression lines showing correlation between Transparency (cm) vs. pH in Pond I, 
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Fig. 7b. Regression lines sliowing correlation between transparency (cm) vs. plantperiphyton and 
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Fig. 8a. Regression lines showing correlation between water temperature ("C) vs. air temperature 






































































• A A 
10 15 20 25 30 35 40 
Water Tempaature (°C) 
300 
250 















30 35 40 
Pond II 









Pond I I I 
^^=f^ii:^ 
10 15 20 25 30 35 40 
Water Temperature (°C) 
Fig. 8b. Regression lines showing correlation between water temperature ("C) vs. plantperiphyton 
(No./cm^) and zooperiphyton (No./cm^) density on natural and artificial substrata in Pond 
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Fig. 8c. Regression tines showing correlation between water temperature ("C) vs. plantperiphyton 
and zooperiphyton diversity (Shannon-Wiener's Index) on natural and artificial substrata 
in Pond I, II and III. 
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Water Temperature (T) 
Fig. 8d. Regression lines showing correlation between water temperature ("C) vs. plantperiphyton 
and zooperiphyton species diversity (Menhinick's Index) on natural and artificial 
substrata in Pond I, II and III. 
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Fig. 8e. Regression lines showing correlation between water temperature ("C) vs. 
bacillariophyceae (No./cm^) and chlorophyceae (No./cm^) on natural and artificial 
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Fig. 8f. Regression lines showing correlation between water temperature ("C) vs. myxophyceae 
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Fig. 9. Regression lines showing correlation between conductivity (jiS cm"') vs. plantperiphyton 
and zooperiphyton (Shannon-Wiener's Index) on natural and artificial substrata in Pond 






































200 250 300 350 









1 — , , , , T 1 
200 300 400 500 600 700 800 900 
Pond III 
800 -I 
100 150 200 250 300 350 
Pond II 


















140 160 180 200 220 240 260 280 
Total Alkalinity (mg/L) 
140 160 180 200 220 240 260 280 
Total Alkalinity (mg/L) 
Fig. 10. Regression lines showing correlation between total alkalinity (mg/L) vs. pH and 
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Fig. 11a. Regression lines showing correlation between pH vs. plantperiphyton (No./cni^) and 
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Fig. lib. Regression lines showing correlation between pH vs. plantperiphyton and 
zooperiphyton species diversity (Shannon-Wiener's Index) on natural and artificial 
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Fig. 1 Ic. Regression lines showing correlation between pH vs. plantperiphyton and zooperiphyton 
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Fig. 12a. Regression lines showing correlation between dissolved oxygen (mg/L) vs. 
plantperiphyton (No./cm^) and zooperiphyton density (No./cm^) on natural and artificial 
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Fig. 12b. Regression lines showing correlation between dissolved oxygen (mg/L) vs. 
plantperiphyton and zooperiphyton species diversity (Shannon-Wiener's Index) on 
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Fig. 12c. Regression lines showing correlation between dissolved oxygen (mg/L) vs. 
plantperiphyton and zooperiphyton species diversity (IVIenhinick's Index) on natural and 
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Chapter - V 
Conclusion and Recommendations 
1. In all the three ponds, water temperature is always found to be 
less than air temperature and follows the trend of air 
temperature. Always a positive significant correlation between air 
temperature and water temperature was obtained. 
2. Among ions, calcium and magnesium dominated in these 
waterbodies, having higher values during summer and lower 
during monsoon months. 
3. Higher values of hardness during summer months might be due 
to the evaporation of water at high temperature, whereas lower 
values during monsoon months might be attributed to dilution of 
waterbody by rain water. 
4. Increased values of phosphate phosphorus during some months 
are due to the incoming domestic wastes, detergents used by 
washermen and animal excreta while lower values might be due 
to its utilization by macrophytes and algae for their growth. 
5. Higher values of NO3-N were due to sewage contamination, 
municipal wastes and entry of surface run-off water from the 
surrounding catchment area whereas lower values might be due 
to low water temperature and greater sedimentation rate. 
6. Higher values of dissolved oxygen might be due to increased 
photosynthetic activity while lower values might be because of its 
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utilization for decomposition of organic matter and respiration by 
micro and macro-organisms. 
7. Carbon dioxide was never recorded throughout the period of 
study in all the three ponds. 
8. Increase in pH is the result of the rise in carbonate alkalinity 
resulting from the photosynthetic activity of phytoplankton and 
other green aquatic plants while decrease in the pH can be 
attributed to the release of anaerobic water. 
9. Periphyton of these waterbodies mainly comprised of 
Bacillariophyceae, Chlorophyceae, Myxophyceae, 
Euglenophyceae, Desmidiaceae, Xanthophyceae, Protozoa, 
Rotifera, Cladocera and Copepoda. 
10. Bacillariophyceae was represented by nineteen genera, namely 
Achnanthes, Amphora, Asterionella, Cyclotella, Cymbella, 
Gyrosigma, Cocconeis, Diatoma, Eunotia, Fragilaria, Frustulia, 
Gomphomena, Melosira, Nitzschia, Naviada, Pinnularia, 
Stauroneis, Synedra and Tabellaria. 
11. Chlorophyceae was represented by twenty one genera namely 
Actinastrum, Ankistrodesmus, Chlorella, Coelastrum, Crucigenia, 
Hormidium, Kircheneriella, Microspora, Oedogonium, Pediastrum, 
Pedinomonas, Palmella, Protococcus, Scenedesmus, Selenastrum, 
Spirogyra, Sphaeroplea, Tetraspora, Ulothrix, Volvox and Zygnema. 
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12. Myxophyceae was represented by ten genera namely Anacystis, 
Anabaena, Aphanocapsa, Agmenellum, Gomphosphaeria, Nostoc, 
Oscillatoria, Riuularia, Spirulina and Tetrapedia. 
13. Euglenophyceae was represented by only two genera, namely 
Euglena and Phacus. 
14. Presence of blue-green algae and green algae indicate the 
eutrophic nature of the waterbody. 
15. Members of euglenophyceae showed more tolerance to organically 
polluted waters and thus are used as indicator of organic 
pollution. 
16. Desmidiaceae was represented by two genera, namely, Closterium 
and Cosmarium. 
17. Desmids are found less in density in these waterbodies. It might 
be because of the fact that these waterbodies have the dominance 
of bacillariophyceae and myxophyceae. 
18. On natural substrata, bacillariophyceae always showed negative 
correlation with desmidiaceae in all the three ponds (pond I: 
r = -0.062, pond II: r = -0.234, pond III: r = -0.191). 
19. Euglenophyceae, Desmediaceae, Xanthophyceae among 
plantperiphyton and Cladocera and Copepoda group among 
zooperiphyton were always found absent on all the three artificial 
substrata (wood stone and glass slide surface) throughout the 
study period in all the three ponds. 
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20. Rotifers were represented by Brachionus, Ascomorpha, Keratella, 
Notholca, Filinia, Testudinella, Polyarthra, Epiphanes, Lecane, 
Trichoserca, Colurella, Asplanchnopus, Asplanchna and Philodina. 
21. Cladocera was represented by six genera Daphnia, 
Diaphanosoma, Ceriodaphnia, Bosmina, Eudiaptomus and Moina. 
22. Copepods were represented by two genera, namely Cyclops and 
Diaptomus. Continuous occurrence of egg bearing females, 
nauplii, as found in almost all the months of investigation 
periods, showed the prolific breeding nature without being 
affected by environmental factors. 
23. Statistically, Rotifera with Cladocera on natural substrata, 
showed strong negative correlation in pond I and negative 
correlation in pond II and pond III (pond I: r = -0.623, pond II: 
r = -0.414, pond III: r = -0.464). This relation showed the grazing 
effect of cladocera on rotifera population in these waterbodies. 
24. The presence of zooperiphyton species like Asplanchna priodenta, 
Brachionus spp., Keratella cochlearis, Filina longiseta, Bosmina sp. 
etc. indicate the eutrophic nature of these waterbodies. 
25. The presence of plantperiphyton species like Anabaena, 
Oscillatoria, Nostoc, Navicula, Nitzchia, Spirulina. Euglena and 
Phacus indicate the eutrophic nature of these waterbodies. 
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26. Water temperature with bacillariophyceae always showed 
negative correlation on both natural and artificial substrata in all 
the three ponds throughout the study period. 
27. NO3-N with plantperiphyton on natural substrata, showed 
negative correlation in pond I and positive correlation in pond II 
and pond III (pond I: r= -0.371, pond II: r = 0.507, pond II: 
r = 0.198). With zooperiphyton, showed significant positive 
correlation in pond II and positive correlation in pond III (pond II: 
r = 0.631, pond III: r = 0.452), whereas in pond I, showed negative 
correlation (pond I: r = -0.033). 
28. On wood surface, NO3-N with plantperiphyton showed negative 
correlation in pond II and pond III (pond II: r = -0.170, pond III: 
r = -0.149) and positive correlation in pond I (pond I: r = 0.003). 
With zooperiphyton, showed negative correlation in pond I and 
pond II and positive correlation in pond III (Pond I: r = -0.502, 
pond II: r = -0.042, pond III: r = 0.184). 
29. On stone surface, NO3-N with plantperiphyton showed positive 
correlation in pond I and negative in pond II and pond III (Pond I: 
r = 0.109, pond II: r = -0.243, pond III: r = -0.135). With 
zooperiphyton, showed negative correlation in pond I and pond II 
and positive correlation in pond III (pond I: r == -0.472, pond II: 
r = -0.064, pond III: r = 0.270). 
30. NO3-N with plantperiphyton on glass slide surface showed 
negative correlation in all the three ponds (Pond I: r = -0.367, 
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pond II: r = -0.393, pond III: r = -0.044), whereas with 
zooperiphyton, it showed negative correlation in pond I and II and 
positive correlation in pond III (Pond I: r = -0.445, pond II: 
r=-0 .130 , pond III: r = 0.336). 
31. PO4-P with plantperiphyton on natural substrata showed positive 
correlation in pond I and pond III, whereas in pond II, showed 
negative correlation (pond I: r = 0.201, pond II: r = -0.530, pond 
III: r = 0.025). With zooperiphyton, showed positive correlation in 
pond I and negative correlation in pond II and pond III (pond I: 
r = 0.363, pond II: r = -0.534, pond III: r = -0.105). 
32. PO4-P with plantperiphyton on wood surface showed positive 
correlation in pond II and pond III, whereas in pond I showed 
negative correlation (pond, I: r = -0.306, pond II: r = 0.171, pond 
III: r = 0.151), with zooperiphyton, showed positive correlation in 
pond I and pond 111 and negative correlation in pond II (pond I: 
r= 0.415, pond II: r = -0.008, pond III: r = 0.059). 
33. On stone surface, PO4-P with plantperiphyton showed negative 
correlation in pond I and positive correlation in pond II and pond 
III (Pond I: r = -0'.385, pond II: r = 0.173, pond 111: r = 0.241). PO4-
P with zooperiphyton showed positive correlation in pond I and 
pond III and negative correlation in pond II (pond 1: r = 0.503, 
pond II: r = -0.012, pond III: r = 0.142). 
34. PO4-P with plantperiphyton on glass slide surface showed positive 
correlation in pond II and pond III, whereas in pond I, showed 
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negative correlation (pond I: r = -0.386, pond II: r = 0.364, pond 
III: r = 0.556). With zooperiphyton showed positive correlation in 
all the three ponds (pond I: r = 0.158, pond II: r = 0.104, pond III: 
r = 0.043). 
35. Correlation between species diversity (Shannon-Wiener's index) 
and some physico-chemical parameters were also determined. In 
case of plantperiphyton, species diversity showed significant 
negative correlation with water temperature on wood surface and 
stone surface in pond I, and only on stone surface in pond II 
(pond I: wood: r = -0.804, stone: r = -0.828 and pond II: 
r = -0.755). With pH, showed strong positive correlation on wood 
surface in pond II, whereas on natural substrata, it showed 
strong negative correlation in pond I (pond I: natural substrata: 
r = -0.719, and pond II: wood surface: r = 0.685). With PO4-P, it 
showed strong positive correlation on natural substrata in pond I 
(r = 0.579). With dissolved oxygen, it showed strong positive 
correlation on wood surface and stone surface in pond I 
(r = 0.800 on wood and r = 0.852 on stone surface). 
36. In case of zooperiphyton, species diversity (Shannon-Wiener's 
index) showed strong positive correlation with water temperature 
on natural substrata, wood surface and stone surface in pond I 
(natural substrata: r = 0.677, wood surface: r = 0.640 and stone 
surface: r = 0.585). With pH, it showed strong negative correlation 
on natural substrata in pond III (r = -0.596) and on artificial 
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substrata in pond I (wood: r = -0.595, stone: r = -0.678 and glass: 
r = -0.616). With dissolved oxygen, it showed strong negative 
correlation on natural substrata and wood surface in pond I 
(natural substrata: r = -0.740, wood: r = -0.654) whereas with 
NO3 -N, it showed significant positive correlation on natural 
substrata in pond II and pond III (pond II: r = 0.680, pond III: 
r = 0.646). 
37. Plantperiphyton species diversity (Shannon-wiener's index) 
showed strong positive correlation with zooperiphyton diversity on 
all the three artificial substrata in pond III (wood: r = 0.685, 
stone; r =0.633 and glass: r =0.724), whereas in pond I, it showed 
significant negative correlation on wood surface (r = -0.686). 
38. Periphytic communities showed more density and diversity on 
natural substrata than on artificial substrata in all the three 
ponds. 
39. Among artificial substrata, wood block surface showed more 
density of periphyton in comparison to that of stone and glass 
slide surface which might be due biodegradable nature of wood 
surface. 
Recommendations: 
1. On the basis of the above study, due to better growth of 
periphyton these ponds can be used for the production of fish. 
154 
By utilizing periphyton, the fish production can be enhanced. 
These water bodies can also be used as substrate-based 
aquaculture by using vehicle tyres, bamboo, rocks and many 
other substrates which are generally available everywhere as 
these substrates have a longer life in water and hence can be 
beneficially exploited in substrate-based aquaculture. 
2. Although the research on periphyton has been intensified over 
the past decades, there is still an essential need for more 
information within several areas. Existing data imply that 
periphyton may be an important pollution indicator and may be 
an important food source for both benthic and pelagic food 
webs, but the general understanding of how the total periphyton 
and the distribution of periphyton between the benthic and 
pelagic habitat affects food web interaction is still poor. A 
complete outline of the numerous information still missing on 
production and regulation of the periphytic communities. 
3. Further studies shall be conducted on the periphyton 
production and their effects on fish growth separately grown on 





Chapter - VI 
Summary 
> Water is a valuable natural resource and the basis of existence of 
all forms in our biosphere. Water covers about three fourth of the 
earth's surface of only 2.53% is the freshwater (Anon, 2003). 
However, merely 0.5% of world freshwater resources are accessible 
for human use as two- third is locked away in the glaciers and the 
continental ice while the remainder exists as soil moisture. 
> Water temperature varied in accordance with air temperature. In 
all the ponds, air temperature ranged from 12°C (pond III) to 37°C 
(pond II), whereas water temperature ranged from 13.0°C (pond III) 
to 39.0°C (pond II) in ponds during the study period. 
> Transparency values ranged from 13.0 cm (August, 2007) to 24.5 
cm (February, 2008) in these ponds. The low transparency found 
during summer months and rainy season was due to entry of huge 
amount of suspended and colloidal matter, silt and clay into the 
water body along with the rainwater from the surrounding fields 
and evaporation of water, which causes concentration of dissolved 
solids at increasing temperature and production of plankton. 
> Values of Electrical conductivity varied from minimum of 
SSSiuScm-' (pond III) to a maximum of 2698MScm-i (pond I) in all 
the three ponds. Conductivity values were higher during the study 
period might be due the fact that various dissolved substance are 
continuously released into the aquatic medium through death and 
decomposition of organisms. Lower values might be attributed to 
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the consumption of TDS by the phytoplankton and aquatic 
organisms. 
> Values of Total dissolved solids ranged froml45.0 mg/L (June, 
2007) to 618.0 mg/L (May, 2007) in the water samples of these 
ponds. Higher values during summer months might be due to 
increased decomposition rate and release of nutrients from the 
sediments and increased concentration due to higher temperature. 
> pH varied from 7.8 (September, 2007 in pond II) to 9.5 (September, 
2007 in pond I). The wide range of pH is the result of disturbance 
caused by washermen's activity, wind action and cattle in these 
ponds during the study period. 
> Dissolved oxygen varied from 1.6 mg/L (June, 2007) to 20.0 mg/L 
(March, 2008) in the samples collected from these three ponds 
during the study periods. Fluctuations in dissolved oxygen content 
have been found to be affected by many factors like solubility of 
oxygen in water, intensity of light, photosynthesis etc. 
> Carbon dioxide was found to be absent during the whole period of 
investigations. It might be because of the release of free carbon 
dioxide from the water column due to increase in pH and 
temperature, utilization during photosynthesis and due to 
conversion of free carbon dioxide into bicarbonates by reacting with 
carbonates. 
> Hardness varied from 80 mg/L (September, 2007) to 423.0 mg/L 
(April, 2008) in the water samples of these ponds during the study 
period. Higher values during summer and lower during monsoon 
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might be attributed to the evaporation of water at high temperature 
and dilution of water by rain respectively. 
> Among Ions, two main ions calcium and magnesium were found 
dominated in these three ponds. Calcium varied from 12.8 mg/L 
(September, 2007) to 140 mg/L (April, 2008) in these ponds. 
Values of calcium were found higher in summer months, lower in 
monsoon months and moderate during winter months. Increased 
levels of calcium during the summer season in these ponds might 
be due to evaporation of water and decomposition of dead aquatic 
plants and animals. 
> Values of Magnesium ranged from 4.09 mg/L (November, 2007) to 
42.90 mg/L (February, 2008). Lower values during the monsoon 
and post -monsopn months might be due to higher sedimentation 
rate leading to settlement in the bottom and utilization by 
plankton. 
> Values of total Alkalinity varied from 102 mg/L (July, 2007) to 
775 mg/L (December, 2007) in these three ponds during the 
investigation period. The fluctuations in total alkalinity were 
mainly due to photosynthetic activity of the phytoplankton and 
other green aquatic plants inhabiting these ponds. Values of 
Carbonate alkalinity varied from 12 mg/L (February, 2008 in 
pond III) to 230 mg/L (Februaiy, 2008 in pond II). Bicarbonate 
alkalinity varied from 32.0 mg/L (February, 2008) to 775 mg/L 
(December, 2007). The increased or decreased bicarbonate 
contents may be due to photosynthetic and respiratory activity of 
algae and green plants respectively. 
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> Values of PO4-P ranged from 0.238 mg/L (January, 2008) to 1.245 
mg/L (March, 2008) in the water samples of these ponds during 
the study period. Higher values of phosphorus monsoon and post 
monsoon months or winter months might be due to regeneration 
of phosphorus in these ponds, whereas higher values during 
summer months were found to be related with higher rate of 
evaporation duei to increased temperature which affects water 
level and leads to concentration. 
> Values of NO3-N ranged from 0.075 mg/L (February, 2008) to 
0.188 mg/L (March, 2008). Higher values of NO3-N during summer 
and autumn might be attributed to increase rate of decomposition 
of organic matter at high temperature. 
> Periphyton are generally dominated by photosynthetic organisms 
which may be unicellular, colonial or filamentous species from a 
variety of pro and eukaryotic phyla and it also include a complex 
community of microbiota (bacteria, fungi, animals, and inorganic 
and organic detritus). Periphyton includes plantperiphyton and 
zooperiphyton. 
> Bacillariophyceae (Diatoms) formed the first abundant group 
among different plantperiphyton groups in all the three ponds. In 
the present study, this group was represented by the genera, 
namely Achnanthes, Amphora, Asterionella, Cocconeis, Cyclotella, 
Cymbella, Gyrosigma, Diatoma, Eunotia, Frustulia, Fragilaria, 
Gomphonema, Melosira, Navicula, Nitzschia, Pinnularia, Stauroneis, 
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Synedra and Tabellaria both on natural and artificial substrata in 
all the three ponds. On natural substrata, its highest population 
density was found 654 No./cm^ in December, 2007 in pond I, 
whereas among artificial substrata, its highest population density-
was found 394 No./cm^ (January, 2008) on wood surface in pond 
II. In all the three ponds, both on artificial and natural substrata, 
diatom population was found dominant in winter months and its 
density was always found least in numbers during summer 
months. The abundance of diatoms in cold months is due to the 
fact that they are able to grow in conditions of weak light and low 
temperature which are less suitable for other algae. 
'^ Chlorophyceae (Green algae) was the second dominant group 
among different plantpenphyton groups in all the three ponds. In 
the present investigation, this group was represented by the genera 
Actinastrum sp., Ankistrodesmus sp., Chlorella sp., Coelastrum sp., 
Crucigenia colony, Hormidium sp, Kircheneriella sp., Microspora sp., 
Oedogonium, Pediastrum sp., Pedinomonas minor, Palmella sp., 
Protococcus sp., ^cenedesmus sp., Selenastrum sp., Spirogyra sp., 
Sphaeroplea sp, Tetraspora sp., Ulothrix sp., Voluox sp. and 
Zygnema sp. On natural substrata chlorophyceae showed its 
highest population density 292 No./cm^ in February, 2008 in Pond 
I, whereas among artificial substrata, its highest population 
density was found 203 No./cm2 in December, 2007 on wood 
surface in pond II. The maxima of green algae, at different water 
temperatures, have been shown by different species. This indicates 
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that the various species which constitute the bulk of the 
chlorophycean flora in these ponds react diversely at different 
temperatures. They also indicate the eutrophic nature of the water 
body. 
> Myxophyceae (Blue-green algae) formed the third abundant 
group of plantperiphyton in the population density on natural and 
artificial substrata in all the three ponds. In the present 
investigations, this group was represented by the genera, namely 
Anabaena sp., Anacystis sp., Agmenellum sp., Oscillatoria sp., 
Riuularia sp., Spirulina sp., Gomphosphaeria sp. and Nostoc sp. On 
natural substrata myxophyceae showed its highest population density 
266 No./cm2 in February, 2008 in Pond II, whereas among artificial 
substrata, its highest population density was found 128 No./cm^ in 
January, 2008 on wood surface in pond I. The periods of 
myxophycean maxima were usually accompanied by the low 
concentration of dissolved oxygen. 
> Euglenophyceae formed the fourth abundant group in pond II and 
pond III while in pond I, it formed the fifth abundant group of 
plantperiphyton among all the groups of plantperiphyton on natural 
substrata in all the three ponds. This group was absent on all the 
three artificial substrata in all the three ponds. In the present 
investigation, this group was represented by the two genera 
Euglena sp. and Phacus sp. The population ranged from 10 to 48 
No./cm2- Its highest population density was found 48 No./cm^ in 
March, 2008 in Pond I. They are usually found in abundance in 
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organically rich water bodies and can be used as indicator of 
organic pollution. Presence of high nutrient in these waterbodies 
supports their growth. 
> Xanthophyceae population occupied the fifth position in 
plantperiphyton group in pond II and pond III, whereas in pond 1, 
its population occupied fourth position by being greater in 
abundance than euglenophyceae population. This group was only 
found on natural substrata. In pond I, its population ranged from 
15 to 59 No./cm2. Its highest population was found 59 No./cm^ in 
May, 2007 and June, 2007 in pond II. 
> Rotifera formed the most dominant group of zooperiphyton 
population density on natural and artificial substrata in all the 
three ponds. In the present study, rotifers are represented by 
species of Asplanchna, Brachionus, Keratella, Notholca, Filinia, 
Testudinella, Epiphanes, Lecane, Lepadella, Colurella, Ascomorpha, 
Asplanchnopus, Philodina, Polyarthra, Rotaria and Trichocerca. On 
natural substrata rotifera showed its highest population density 
318 No./cm2 in May, 2007 in pond II, whereas among artificial 
substrata its highest population density was found 112 No./cm^ in 
May, 2007 on wood surface in pond II. 
y Cladocera formed the second abundant group of zooperiphyton 
among all the zooperiphyton population density in all the three 
ponds. Cladocera is represented by species of Daphnia, Bosmina, 
Moina, Diaphanosoma and Ceriodaphnia sp. They were only found 
on natural substrata throughout the study period in all the three 
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ponds. Population density of cladocera ranged from 5 to 103 
No./cm^. Its highest population density was found 103 No./cm^ in 
January, 2008 in pond II. 
> Copepoda was the third abundant group of zooperiphyton among 
all the zooperiphyton population in all the three ponds. Copepods 
were represented by cyclops, and diaptomus. This group was only 
found on natural substrata. Copepoda population density ranged 
from 5 to 54 No. /cm^. Its highest population density was found 54 
No./cm2 in December, 2007 in pond III. 
> Protozoa was the least abundant group of zooperiphyton among all 
the zooperiphyton groups in all the three ponds. Protozoa is 
represented by the species of Centrophyxis, Paramecium and 
Vasicola sp. Protozoan highest population density on natural 
substrata was found 26 No./cm^ (April 2008) in pond II, whereas 
among artificial substrata, its highest population density was 
found 48 No./cm2 (December, 2007) on wood surface in pond II. 
'^ Eggs and Nauplii were found throughout the period of 
investigation indicating that zooplankton are prolific and 
continuous breeders. 
f^ Species diversity showed positive and significant correlation with 
evenness in pond I and pond II on natural substrata (r = 0.6454 
and r = 0.970 respectively), whereas in pond III it was positive 
correlation (r = 0.263). On artificial substrata, on wood surface 
species diversity showed significant positive correlation in all the 
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tJiree ponds (r = 1.00 in pond I, II and pond III) and on stone 
surface, it showed positive correlation in pond I and pond III 
(r = 0.113 in pond I and r = 0.417 in pond III), whereas in pond II it 
showed negative correlation (r = -0.468). On the glass slide surface, 
it was found positively correlated with plantperiphyton evenness in 
pond II and pond III, whereas in pond I it was negatively correlated 
(r = -0.123 in pond I, r = 0.094 in pond II and r = 0.164 in pond III). 
Species diversity showed significant positive correlation with 
evenness in case of Zooperiphyton in pond I on natural substrata 
(r = 0.777) and positive correlation in pond III, whereas negative 
correlation in pond II (r = 0.065 in pond II and r = 0.319 in pond 
III). On wood surface it showed positive correlation in pond I and 
pond II (r = 0.417 in pond I and II) and negative correlation in pond 
III (r = -0.251) and on stone surface, it showed significant positive 
correlation in pond III and positive correlation in pond I and pond 
II (r = 0.251 in pond I, r = 0.093 in pond II and r = 0.843 in pond 
III). On glass slide surface, it showed significant positive correlation 
in pond I and pond III (r = 0.939 in pond I, r = 0.797 in pond III), 
whereas in pond II, it showed significant negative correlation with 
evenness in case of zooperiphyton (r = -0.651). Positive significant 
correlation between species diversity and evenness indicated higher 
diversity where there is more equitable abundance of different 
species. 
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> Correlation between species diversity (Shannon-Wiener's index) 
and some physico-chemical parameters were also determined. In 
case of plantperiphyton, species diversity showed strong negative 
correlation with water temperature on wood surface and stone 
surface in pond 1 (wood: r = -0.804, stone: r = -0.828) and only on 
stone surface in pond 11 (r = -0.755). With pH, showed strong 
positive correlation on wood surface in pond 11 (r = 0.685), 
whereas on natural substrata, it showed strong negative 
correlation in pond I (r = -0.719). With PO4-P, it showed strong 
positive correlation on natural substrata in pond 1 (r = 0.579). 
With dissolved oxygen, it showed strong positive correlation on 
wood surface and stone surface in pond I (r = 0.800 on wood and 
r = 0.852 on stone surface). 
> In case of zooperiphyton, species diversity (Shannon-Wiener's • 
index) showed strong positive correlation on natural substrata, 
wood surface and stone surface in pond I (natural substrata: 
r = 0.677, wood surface: r = 0.640 and stone surface: r = 0.585). 
With pH, it showed strong negative correlation on natural 
substrata in pond III (r = -0.596) and on artificial substrata in 
pond 1 (wood: r = -0.595, stone: r = -0.678 and glass: r = -0.616). 
With dissolved oxygen, it showed strong negative correlation on 
natural substrata and wood surface in pond 1 (natural substrata: 
r = -0.740, wood: r = -0.654), whereas with NO3 -N, it showed 
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significant positive con-elation on natural substrata in pond II 
and III (pond II: r = 0.680, pond III: r = 0.646). 
> Plantperiphyton species diversity (Shannon-wiener's index) 
showed strong positive correlation with zooperiphyton diversity 
on all the three artificial substrata in pond III (wood: r = 0.685, 
stone: r =0.633 and glass: r =0.724), whereas in pond I, it 
showed significant negative correlation on wood surface only 
(r = -0.686). 
> The values of species diversity (Shannon-Wiener Index) for 
plantperiphyton ranged from minimum (3.196 in pond III in 
August, 2007) to maximum (3.941 in pond II during December, 
2007) on natural substrata and for zooperiphyton highest species 
diversity values ranged from minimum (2.102 during February, 
2008 in pond I) to maximum (3.501 in pond II during May, 2007) 
in all the three ponds. Among all the artificial substrata highest 
plantperiphyton species diversity (3.412) was found in pond III on 
wood surface during May, 2007, whereas highest zooperiphyton 
species diversity (2.780) was noted on stone surface in pond I 
during May, 2007. This indicated that highest periphyton 
diversity was found in winter months. The reason for this was, 
diatom group was found highest in winter months which 
constituted about 30-70% of the total periphyton population. 
> Percentage similarity- The Sorenson's index value for 
plantperiphyton was found maximum (100) in pond I and pond II 
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and minimum (77.61) in pond III on natural substrata and for 
zooperiphyton highest was found in pond III (87.09) and 
minimum in pond I (32.43). The variations in species similarities 
indicated notable temporal variations in their community 
structure. Species similarities computed between two consecutive 
sampling found least plantperiphyton similarity (14.80) in pond I 
on stone surface, thereby indicating greater heterogeneity 
between their communities and the highest species similarity 
(100) found in pond I and pond II, Showed highest homogeneity 
between communities. 
> Species dominance values for plantperiphyton on natural 
substrata ranged from minimum (0.043 in May, 2007 in pond I) 
to maximum (0.136 in pond I during January, 2008) in all the 
three ponds. For zooperiphyton its value ranged from minimum 
(0.050 in April, 2008 in pond III) to maximum (0.193 in February, 
2008 in pond I). Among artificial substrata, minimum 
plantperiphyton species dominance (0.048) was found on glass 
slide surface in pond III during May, 2007, whereas maximum 
(0.257) was found on stone surface during January, 2008 in pond 
III. For zooperiphyton, species dominance values ranged from 
minimum (0.0) in January and March, 2008 in pond I on glass 
slide surface to maximum (1.000) in September , October, and 
December, 2007 and February, 2008 on glass slide surface in 
pond I and, February and March,2008 on stone surface and in 
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March, 2008 on glass slide surface in pond III. Low dominance 
with relatively lesser fluctuating during the study period indicated 
lack of any quantitatively dominant plantperiphyton species in 
these waterbodies. 
Species Evenness values for plantperiphyton on natural 
substrata ranged from minimum (0.859 in December, 2007 in 
pond 1) to maximum (0.0967 in December, 2007 in pond II) in all 
the three ponds, whereas for zooperiphyton, its values ranged 
from minimum (0.846 in February, 2008 in pond 1) to maximum 
(1.101 in June, 2007 in pond I). Among all the three artificial 
substrata, its values for plantperiphyton ranged from minimum 
(0.0767 in September, 2007 on wood surface in pond II) to 
maximum (1.366 with some error on glass slide surface during 
March, 2008 in pond 1). For zooperiphyton, its values ranged from 
minimum (0.0 on glass slide surface in pond /I and on stone and 
glass slide surface in pond III) to maximum (1.160 on stone 
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